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EXAMINING THE PRESIDENT’S FISCAL YEAR 
2016 BUDGET REQUEST FOR THE NATIONAL 
AERONAUTICS AND SPACE ADMINISTRATION 


THURSDAY, MARCH 12, 2015 

U.S. Senate, 

Subcommittee on Space, Science, and Competitiveness, 
Committee on Commerce, Science, and Transportation, 

Washington, DC. 

The Subcommittee met, pursuant to notice, at 9:38 a.m. in room 
SR-253, Russell Senate Office Building, Hon. Ted Cruz, Chairman 
of the Subcommittee, presiding. 

Present: Senators Cruz [presiding], Gardner, Blunt, Peters, and 
Nelson. 


OPENING STATEMENT OF HON. TED CRUZ, 

U.S. SENATOR FROM TEXAS 

Senator Cruz. The hearing will come to order. Good morning, ev- 
eryone, and welcome. 

We gather here this morning not simply to examine the Presi- 
dent’s budget request but to begin to lay out a vision for the future 
of NASA and human exploration. As we begin the process of put- 
ting together a road map for the future of NASA, there is one vital 
question that this committee should examine: Should NASA focus 
primarily inwards or outwards beyond low-Earth orbit? 

Since the end of the last administration we have seen a dis- 
proportionate increase in the amount of Federal funds that have 
been allocated to the Earth Science Program at the expense of and 
in comparison to exploration and space operations, planetary 
science, heliophysics and astrophysics, which I believe are all root- 
ed in exploration and should be central to the core mission of 
NASA. 

As I observed at our last hearing, the first priority for the space 
component of this subcommittee is to work to refocus NASA’s ener- 
gies on its core priority of exploring space. I know that that is a 
passion of the professionals at this fine institution. I see good si^s 
that the current goals set out for human exploration are being 
achieved, as witnessed in December with the incredibly successful 
launch of the Orion EFT-1, and yesterday at Orbital ATK’s solid 
rocket motor test in Utah, the engine that will power the space 
launch system into deep space. 

But we need to use that momentum and get back to the hard 
sciences, to manned space exploration, and to the innovation that 
has been integral to the mission of NASA. We also need to provide 
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the men and women that work at NASA with clear and consistent 
long-term mission objectives so that they do not find themselves 
continually pouring time and energy into projects, only to see them 
swept up and carried away by the ever-changing winds of politics. 

Science needs to drive NASA’s mission, rather than the political 
winds of Washington. Short-changing these projects will surely 
have an adverse impact on encouraging our nation’s best and 
brightest to continue to want to work with NASA. 

As the Chairman of this Subcommittee, I am looking forward to 
being an outspoken champion not only for NASA and not only for 
the Johnson Space Center, but for everyone within the NASA fam- 
ily who plays a key role in advancing human exploration and pro- 
moting the hard sciences. 

As former NASA astronaut. Dr. Mike Massimino, mentioned at 
our last hearing, young Americans are interested in space-related 
STEM careers and see themselves as future space entrepreneurs. 
It’s critical that we begin to refocus the core priorities of NASA so 
that greater and exciting new opportunities can emerge and be re- 
alized. It is time for man once again to leave the safety of the har- 
bor and to further explore the deep, uncharted waters of deep 
space. 

I now recognize the Ranking Member, Senator Peters. 

STATEMENT OF HON. GARY PETERS, 

U.S. SENATOR FROM MICHIGAN 

Senator Peters. Thank you, Mr. Chairman. It’s wonderful to 
serve with you on this committee, and I look forward to working 
with you in the years ahead. 

This month we celebrate the 100th anniversary of the National 
Advisory Committee for Aeronautics, or NACA. Congress created 
NACA in 1915 because even though the Wright Brothers had in- 
vented powered flight in the U.S. in 1903, by the beginning of 
World War I the U.S. lagged behind Europe in aviation technology. 

Within decades of NACA’s creation, the U.S. was leading the 
world in aviation once again. We put the P51 Mustang in the sky, 
a fighter that proved so critical to the success of the Allies against 
Hitler. And later, in 1947, we were the envy of the world when 
Chuck Yeager’s X-1 rocket plane broke the sound barrier. 

But when the Soviet Union placed the first artificial satellite in 
orbit around the Earth, the U.S. was once again behind. Congress 
responded this time by folding the efforts of NACA into the newly 
established National Aeronautics and Space Administration, or 
NASA, in 1958. 

By 1969, NASA put astronauts Neil Armstrong and Buzz Aldrin 
on the Moon, and in the decades following, NASA sent probes to 
explore the worlds of our solar system, built telescopes in space to 
peer to the edges of the universe, built a research outpost in space 
permanently tended by a crew of international astronauts, and 
made it possible to study the planet that we call home from space. 

Over the past century, the investments we have made in our civil 
aeronautics and space programs look pretty modest compared to 
the returns. Safe and reliable commercial air transportation, com- 
munication satellites, space-based imagery, and spinoff tech- 
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nologies from human spaceflight have provided our country ex- 
traordinary economic benefits. 

The Apollo and Space Shuttle programs inspired generations of 
American students to pursue education in math, science, and engi- 
neering, many of whom went on to lead a revolution in computing 
and information technology. Just a few years back, I visited a high 
school in my home state of Michigan and I witnessed firsthand 
NASA’s continued ability to inspire. All of the students were gath- 
ered in the gym to watch a large projector screen that connected 
them directly to U.S. astronauts on the International Space Sta- 
tion. And when the astronauts asked if any of the students planned 
to pursue degrees in the STEM fields, hundreds of hands shot up 
across the auditorium. 

Today, it is simply impossible to imagine the world devoid of the 
scientific understanding that NASA has enabled us to achieve. Be- 
cause of NASA, we know our planet is a fragile oasis in an un- 
imaginably vast space. We know every point in the universe is 
speeding away from us at an accelerating pace, driven by some un- 
seen force called dark energy. We know our galaxy is filled with 
billions and billions of planets, many of them possibly very much 
like our Earth. And we have seen actions and evidence of black 
holes, whose mind-bending physics remind us of how much we 
have to learn about the fundamental nature of space and time. 

I see NASA’s budget as a strategic portfolio of investments aimed 
at improving the well-being of our country and of our civilization. 
Like any portfolio, we must carefully choose our investments and 
remember that the balance of the overall portfolio is of the utmost 
importance. We must avoid false choices between robotic explo- 
ration, human exploration, the study of the universe, or the study 
of our home planet. We must avoid the temptation to view NASA’s 
mission as a set of competing priorities. Rather, we should seek a 
set of complementary initiatives that will pay returns to our civili- 
zation for centuries to come. 

I want to thank you. Administrator Bolden, for your service to 
our country and your appearance before the Subcommittee today. 
And I want to thank you. Chairman Cruz, for holding this hearing, 
and Ranking Member Nelson for everything you have done and 
continue to do for our space program and for the example that you 
set for this committee. 

Although my position on this committee is new, my passion for 
science and technology is not, and I am truly excited about my op- 
portunity to serve as Ranking Member for the Subcommittee, and 
I look forward to our discussion today. Thank you. 

Senator Cruz. Thank you very much. 

I would offer the Ranking Member of the full committee. Senator 
Nelson, an opportunity to give a statement as well. 

STATEMENT OF HON. BILL NELSON, 

U.S. SENATOR FROM FLORIDA 

Senator Nelson. Well, you’re very gracious, Mr. Chairman, and 
I want to compliment you. At the last hearing I said even though 
the temperature outside was 10 degrees, that blossoms were break- 
ing out all over Washington by virtue of the very supportive state- 
ments that you had made about NASA, of which you have contin- 
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ued those very supportive statements. I want you to know how 
much the NASA community and NASA family is appreciative of 
that support. 

I want to point out that in some quarters it seems to be fashion- 
able to say that Earth Science is not a part of the exploration pro- 
gram, and yet I would point out that tonight there is the launch 
of a mission called MMS. It has to do with a magnetosphere, and 
it will be a mission to gauge space weather — in other words, nu- 
clear explosions from the surface of the sun — and how that affects 
our life here on Earth, GPS, various other satellites. 

So Earth Science directly relates to everything that we’re doing 
in exploration, and I would draw that distinction for folks who 
think that it’s not fashionable that NASA be a part of Earth 
Science. 

The other thing is that I want to compliment the Ranking Mem- 
ber, to see someone so enthusiastic as Senator Peters is, is indeed 
extremely gratifying. 

And furthermore, I would like to congratulate the Administrator. 
He is now going on 7 years. His hair was dark when he started. 

[Laughter.] 

Senator Nelson. The fact that he’s been able to get everybody 
in the harness over there at NASA, now without a deputy, al- 
though the nominee for deputy is sitting in the front row, and he 
has got everybody in the harness pulling in the right direction, all 
in the same direction, which is a significant accomplishment for the 
Administrator. 

So I just wanted to pass around those compliments to you, to 
Senator Peters, and to the Administrator. Thank you. 

Senator Cruz. Well, thank you very much. Senator Nelson, and 
it has been a pleasure the last 2 years serving on this committee 
with you as the Chairman of the Subcommittee, and I’m looking 
forward to the next 2 years continuing to serve with you and with 
the new Ranking Member, Senator Peters. 

We have a lot of work to do, and we are blessed to have a Sub- 
committee with some talented and dedicated members on both 
sides of the aisle who are committed to the core mission of NASA. 

With that. I’m very pleased to introduce and welcome the distin- 
guished Administrator of NASA, the Honorable Charles Bolden. 

STATEMENT OF HON. CHARLES F. BOLDEN, JR., 
ADMINISTRATOR, NATIONAL AERONAUTICS 
AND SPACE ADMINISTRATION 

Mr. Bolden. Thank you very much, Mr. Chairman. 

Mr. Chairman and Ranking Member Peters, I want to, first of 
all, on behalf of the entire NASA family, congratulate the two of 
you on your positions. I look forward to working with you. 

It was interesting sitting here listening to everyone speak be- 
cause I really appreciate the work that this committee has done 
through the years. It was here that the 2010 Authorization Act was 
crafted, and that is the present road map on which we work. So 
I commend the Committee and look forward to continuing to work 
with you all. 

The President is proposing a Fiscal Year 2016 budget of $18. 5B 
for us that builds on the 2015 appropriation and the significant in- 
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vestments that the Administration and the Congress have made in 
America’s space program over the past 6 years. 

Thanks to the hard work of our NASA team and partners all 
across America, we’ve made a lot of progress on our journey to 
Mars. In fact, we have now progressed farther on this path to send- 
ing humans to Mars than at any point in NASA’s history, and this 
budget will keep us marching forward. 

The support of this subcommittee and the Congress are essential 
to this journey. The International Space Station is a critical first 
step in this work. It’s our springboard to the rest of the solar sys- 
tem, and we’re committed to extending Space Station operations to 
at least 2024. 

Thanks to the grit, determination, and American ingenuity, we 
have returned ISS cargo resupply missions to the United States, 
in-sourcing these jobs and creating a new private market in low- 
Earth orbit. Under a plan outlined by the Administration early in 
its term, we also have awarded two American companies, SpaceX 
and Boeing, fixed-price contracts to safely and cost-effectively 
transport our astronauts to the Space Station from U.S. soil. This 
will end our sole reliance on Russia. It’s critical that we receive the 
funding requested for the 2016 budget so that we can meet our 
2017 target date and stop writing checks to the Russian space 
agency. 

Our newest, most powerful rocket ever developed, the Space 
Launch System, or SLS, has moved from formulation to develop- 
ment, something no other exploration-class vehicle has achieved 
since the agency built the Space Shuttle. The Orion spacecraft per- 
formed flawlessly on its first trip to space this past December. The 
SLS and Exploration Ground Systems are on track for launch capa- 
bility readiness by November 2018, and the teams are hard at work 
on completing technical and design reviews for Orion. 

Our budget also funds a robust science program with dozens of 
operating missions studying our solar system and the universe. 
New Horizons is preparing for its arrival at Pluto in July, and 
Dawn is now in orbit around the dwarf planet Ceres. Before we 
send humans to Mars, robots are paving the way. We are at work 
on a Mars Rover for 2020 and have begun planning a mission to 
explore Jupiter’s fascinating moon Europa. 

NASA is a leader in Earth Science, and our constantly expanding 
view of our planet from space is helping us better understand and 
prepare for these changes. NASA has 21 research missions study- 
ing Earth, and the last year alone we launched an unprecedented 
five more. We are at work on humanity’s first voyage to our home 
star, a mission that will repeatedly pass through the Sun’s outer 
atmosphere. Senator Nelson also mentioned a little bit earlier that 
we will launch the MMS mission tonight. 

NASA’s Hubble, Chandra and Kepler Space Telescopes explore 
the universe beyond our solar system. Hubble’s successor, the 
James Webb Space Telescope, is taking shape right now out in 
Maryland, and the new mission is in development to extend 
Kepler’s pioneering work in finding planets. 

Technology drives science, exploration, and our journey deeper 
into the solar system and to Mars. With the President’s request, 
NASA will continue to maintain a steady pipeline of technology to 
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ensure that we continue to lead the world in space exploration and 
scientific discovery. 

NASA is also with you when you fly, and we’re committed to 
transforming aviation by dramatically reducing its environmental 
impact, maintaining safety in more crowded skies, and paving the 
way toward revolutionary aircraft shapes and propulsion systems. 

Mr. Chairman, America’s space program is not just alive, it’s 
thriving. The strong support we receive from this subcommittee 
and the entire Congress is making that happen, and I particularly 
appreciate the generous Fiscal Year 2015 appropriation. 

As the President said in his State of the Union address, and I 
quote, “We are pushing out into the solar system not just to visit, 
but to stay, part of a reenergized space program that will send 
American astronauts to Mars,” unquote. NASA looks forward to 
working with the Congress to make this vision a reality. 

I would be pleased to respond to any questions you and the Com- 
mittee may have. 

[The prepared statement of Mr. Bolden follows:] 

Prepared Statement of Hon. Charles F. Bolden, Jr., Administrator, 
National Aeronautics and Space Administration 

Mr. Chairman and Members of the Subcommittee, I am pleased to have this op- 
portunity to discuss NASA’s FY 2016 budget request. The President is proposing an 
FY 2016 budget of $18.5 billion for NASA, building on the significant investments 
the Administration has made in America’s space program over the past six years, 
enabled through the strong and consistent support by this Committee and the Con- 
gress. This request will allow NASA to continue to lead the world in space through 
a balanced program of exploration, science, technology, and aeronautics research. 
NASA is an outstanding investment for our Nation not only because we uncover 
new knowledge, but because we raise the bar of human achievement, inspiring the 
next generation of scientists, engineers and astronauts. 

The FY 2016 request includes $4,505.9 million for Exploration with $2,862.9 mil- 
lion for Exploration Systems Development, $1,243.8 million for Commercial Space 
Flight, and $399.2 million for Exploration Research and Development. This funding, 
with critical investment from each of NASA’s mission directorates, supports NASA’s 
plans to, as the President said in his State of the Union speech, continue our jour- 
ney to Mars and push “out into the solar system not just to visit, but to stay[.]” 
NASA has made tremendous progress on this journey, and we will continue to 
progress, with building momentum, through the years to come. 

As part of our strategic, stepping stone approach to deep-space explorations, 
NASA is facilitating the development of a U.S. commercial crew transportation ca- 
pability with the goal of launching NASA astronauts from American soil in the next 
couple of years. This initiative to facilitate the success of U.S. industry to provide 
crew transportation to low Earth orbit will end our sole reliance on Russia and en- 
sure that we have safe, reliable and cost-effective access to the ISS and low-Earth 
orbit. Commercial Products Contracts allowed potential providers to better under- 
stand and align with NASA human spaceflight requirements and gave NASA early 
insight into vehicle designs and approaches. NASA has now entered the develop- 
ment and certification phase with the award of two FAR-based, fixed-price Commer- 
cial Crew Transportation Capability (CCtCap) contracts to American companies to 
transport our Astronauts to and from the ISS. SpaceX and Boeing have laid out 
milestones with the goal of certified commercial crew capability in 2017. The con- 
tractors are committed and at work. Our approach has emphasized competition and 
redundancy to ensure that NASA’s human safety and certification requirements are 
met, we achieve the best value for the American taxpayer, and we end our sole reli- 
ance on Russia for transportation services. Now, we need the funding necessary to 
execute this plan to completion. With continued support from the Congress, crews 
will again launch to the ISS from American soil by 2017. 

Technology drives science, exploration and economic opportunity. NASA will con- 
tinue to maintain a steady pipeline of technology to ensure that we continue to lead 
the world in space capabilities. NASA’s FY 2016 request includes $724.8 million for 
Space Technology, to conduct rapid development and infusion of transformative 
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space technologies that enable NASA’s missions and advance our country’s dynamic 
aerospace industry services. Over the next two years, NASA will execute several in- 
space demonstrations including: a deep space atomic clock for advanced navigation, 
green propellant and four small spacecraft demonstrating pioneering new tech- 
nologies. This summer, NASA plans to again test our Low Density Supersonic De- 
celerator off the coast of Hawaii to continue proving in flight the new technologies 
critical for landing larger payloads on the surface of the Red Planet. Informed by 
the results of FY 2014 testing of solar array and thruster designs, NASA continues 
development of a high-powered solar electric propulsion capability to enable future 
exploration missions and meet needs of U.S. aerospace industry. We will continue 
to process toward a 2019 demonstration of space-to-ground laser communications, 
a cap^ility that both American industry and NASA mission teams are eager to ex- 
plore and harness. But the most exciting piece of our technology investments is the 
broad portfolio of research grants and other early stage investments, where the new 
technologies that will change the way we operate in space have a chance to move 
from ideas to components, to demonstrations of new systems and capabilities. These 
early stage investments are building stronger links between NASA and academia, 
and providing unique opportunities for the NASA workforce to innovate. 

In December, NASA completed the first orbital test flight of the Orion crew vehi- 
cle, including a successful high speed reentry through the atmosphere. The Explo- 
ration Flight Test 1 (EFT-1) mission of Orion was nearly flawless. For the first time 
in a generation, a deep-space U.S. exploration vehicle has splashed down in the Pa- 
cific, and what we are learning from this test gives us increasing confidence in the 
systems we are designing. 

Just as we have recently tested Orion by sending it on a shorter version of its 
future missions, we are continuously testing and experimenting on the International 
Space Station (ISS) in preparation for long-term missions in deep space. The Admin- 
istration has committed to extending operation of the International Space Station 
to at least 2024. The FY 2016 request includes $4,003.7 million for Space Oper- 
ations, including $3,105.6 million for ISS. Two commercial providers are now under 
contract to supply cargo to this critical asset, making the extension possible and giv- 
ing us increasing confidence in our long-term strategy. This month, NASA will 
launch astronaut Scott Kelly on a one-year mission aboard the ISS to learn more 
about how to live and work in space for the long term. We will compare his vital 
signs to those of his twin brother, Mark, here on Earth in a first-ever experiment 
using identical twins to learn more about the effects of living in space. This is just 
one example of the vital knowledge and technology that our outpost in space will 
provide over the coming decade. The Space Station is the cornerstone of our explo- 
ration strategy, a nearby outpost in space where humanity is taking its early steps 
on its journey into the solar system. 

For the next step on the journey, NASA is developing the required deep-space ex- 
ploration infrastructure while we plan for the earliest missions. NASA has estab- 
lished Agency Baseline Commitments for the Space Launch System (SLS) and Ex- 
ploration Ground Systems (EGS), each of which supports a launch capability readi- 
ness date for Exploration Mission 1 (EM-1) of November 2018. EM-1 is the first 
mission for SLS and Orion. NASA remains on schedule for this EM-1 launch readi- 
ness date for SLS and EGS. Baseline cost and schedule for Orion are now being de- 
veloped. NASA’s budget request provides the funding needed to keep SLS, Orion, 
and EGS on track. NASA will determine the integrated launch date for the EM- 
1 mission after all critical design reviews are complete, later this year. SLS and 
Orion are critical to human spaceflight beyond low-Earth orbit as part of an 
evolvable, sustainable, and affordable exploration program. 

The journey to Mars runs through cis-lunar space. NASA’s initial deep-space mis- 
sion will launch to a “Distant Retrograde Orbit” around the Moon. NASA will use 
this region of space to test and demonstrate operation of human-rated vehicles far- 
ther from Earth than ever before. In late 2020, NASA plans to launch an advanced 
solar electric propulsion based spacecraft to redirect a small asteroid or a boulder 
from a larger asteroid to lunar orbit. In 2025, launched by SLS, Orion will carry 
a two person crew on a 26-28 day mission to rendezvous with the asteroid in cis- 
lunar space. Orion will dock with the robotic spacecraft attached to the asteroid in 
lunar orbit for about five days. NASA’s planning leverages development efforts from 
existing programs across NASA mission directorates, and provides a critical oppor- 
tunity to exercise our emerging deep space exploration capabilities. 

As NASA strives to achieve the dream of sending humans to Mars, it is important 
to remember we are already there. For 40 years, increasingly advanced robotic ex- 
plorers have studied the Red Planet. This has dramatically increased our scientific 
knowledge and helped pave the way for astronauts to travel there. Our latest Mars 
spacecraft, MAVEN (Mars Atmosphere and Volatile EvolutioN), arrived last Sep- 
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tember to study the upper atmosphere and joined a fleet of orbiters and rovers on 
the surface. Next year, we will send the InSight (Interior Exploration using Seismic 
Investigations, Geodesy and Heat Transport) lander to study the planet’s deep inte- 
rior. In 2020, a new rover, building on the incredible success of Curiosity, will help 
us prepare for the arrival of humans at Mars. The Mars 2020 rover will address 
the highest priority Mars science objectives recommended by the Planetary Decadal 
Survey and will carry exploration technology investigations to help plan future 
human missions. 

Mars is a key destination, but only one point on humanity’s journey of discovery. 
Ours is a journey of understanding reaching through our Earth system, across our 
solar system, and beyond, deep into the universe. The FY 2016 budget request in- 
cludes $5,288.6 million for Science to continue that mission, with $1,947.3 million 
for Earth Science, $1,361.2 million for Planetary Science, $709.1 million for Astro- 
physics, $620.0 million for the James Webb Space Telescope, and $651.0 million for 
Heliophysics. 

NASA’s Planetary Science program continues to expand our knowledge of the 
solar system, with spacecraft in place from the innermost planet to the very edge 
of our sun’s influence. After nine years and three billion miles of travel, the New 
Horizons spacecraft awakened and began to prepare for its arrival in the Pluto sys- 
tem in July. Right now. Dawn is approaching the dwarf planet Ceres. Juno is speed- 
ing toward Jupiter where it will not only send back unprecedented data from a first 
ever polar orbit of our giant neighbor, but will also demonstrate how solar power 
can work at great distances from the sun. With the FY 2016 request, NASA will 
continue development of a robotic asteroid rendezvous and sample return mission, 
dubbed OSIRIS-REx, planned for launch in 2016. OSIRIS-REx will approach the 
near-Earth Asteroid Bennu, map the asteroid, and collect a sample for return to 
Earth in 2023. Looking further to the future, NASA is planning a mission to explore 
Jupiter’s fascinating moon Europa, selecting instruments this spring and moving to- 
ward the next phase of our work. 

The most important planet we study is the one on which we live — Earth. Today, 
21 NASA-developed research missions orbit Earth and provide a quantitative under- 
standing of our complex planet, its origins and its future. In the last year, we have 
launched an unprecedented five Earth Science missions, starting with the Global 
Precipitation Measurement Core Observatory (GPM) that already has observed Hur- 
ricane Arthur’s brush of the East Coast last July. The Soil Moisture Active Passive 
(SMAP) mission, launched in January, will give us for the first time ever, a picture 
of soil moisture on a global scale, allowing scientists to monitor droughts and predict 
flooding caused by severe rainfall or snowmelt. New research missions in formula- 
tion include PACE, the Pre-Aerosol, Clouds and ocean Ecosystem continuity mission, 
that observes ocean color, aerosols, and clouds; NISAR, the NASA-ISRO Synthetic 
Aperture Radar mission, being developed in partnership with the Indian Space Re- 
search Organization to measure complex processes such as ecosystem disturbances 
and ice-sheet collapse; and CLARREO, the Climate Absolute Radiance and 
Refractivity Observatory Pathfinder that will begin pre-formulation this fiscal year. 

The Landsat series of satellites is a cornerstone of our Earth observing capability. 
The world relies on Landsat data to detect and measure land cover/land use change, 
the health of ecosystems, and water availability. The President’s FY 2016 request 
recognizes Landsat’s critical importance and sets out a multi-decadal plan for an 
Earth-observing architecture that ensures data continuity and reliability. The Sus- 
tainable Land Imaging program partnership with the Department of the Interior’s 
U.S. Geological Survey will include flight of a thermal-infrared free flyer and an up- 
graded Landsat-9 mission, while infusing new technological developments for future 
missions and ensuring consistency with the existing 42-year Landsat data record. 

Twenty-five years ago this April NASA deployed the Hubble Space Telescope. 
Hubble is still doing amazing science, and the last textbook that will have to be re- 
vised because of its discoveries has not yet been written. In just slightly over three 
years, NASA plans to launch the James Webb Space Telescope (JWST), Hubble’s 
successor, and continue to reveal the unknown with the largest observatory ever put 
into space. This amazing telescope is taking shape right now in suburban Maryland, 
where this year the mirrors will be installed on the telescope backplane. The “heart” 
of the telescope that holds its instruments successfully completed a nearly four- 
month test in a cryogenic thermal vacuum chamber. NASA’s Astrophysics program 
operating missions include the Hubble, Chandra, Spitzer, and Kepler telescopes, the 
Stratospheric Observatory for Infrared Astronomy (SOFIA) airborne observatory, 
and other missions that together comprise an unrivaled resource for the study of 
our universe. With the FY 2016 request, NASA will continue development of the 
Transiting Exoplanet Survey Satellite (TESS). TESS will extend the pioneering 
work of the Kepler Space Telescope, which showed us that virtually every star in 
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the sky has a planetary system. TESS launches in 2018 and will discover rocky 
exoplanets orbiting the nearest and brightest stars in the sky in time for Webb to 
conduct follow-up observations. NASA will also continue pre-formulation of the 
Wide-Field Infrared Survey Telescope (WFIRST), the top priority for large-scale mis- 
sions of the most recent National Academy of Science Decadal Survey in Astronomy 
and Astrophysics. 

Just as the most important planet that we study is the Earth, the most important 
star that we study is our own. NASA’s Heliophysics Program is monitoring the Sun, 
near-Earth space, and the space environment throughout our solar system, with 29 
spacecraft making up 18 missions. These missions work toward one goal: to better 
understand the sun and its interactions with the Earth and solar system, including 
space weather. The FY 2016 request supports development of NASA’s Solar Probe 
Plus (SPP) mission, planned for launch in 2018. SPP will be humanity’s first voyage 
to our home star and will repeatedly pass through the Sun’s hot outer atmosphere. 
NASA will also begin science operations of the Magnetospheric Multiscale (MMS) 
mission to investigate how magnetic fields around Earth connect and disconnect, ex- 
plosively releasing tremendous amounts of energy in a process called magnetic re- 
connection. 

NASA’s Aeronautics research is making air travel cleaner, safer, and more effi- 
cient. Every U.S. aircraft and U.S. air traffic control tower has NASA-developed- 
technology on board. NASA’s FY 2016 budget request includes $571.4 million for 
Aeronautics to fulfill the Agency’s strategic research agenda, addressing the most 
critical challenges facing the aviation sector. NASA is improving safety and reducing 
development costs of new aviation technologies, developing integrated air traffic 
management tools to expand airspace capacity with more fuel-efficient flight plan- 
ning and diminish delays, and researching next generation aircraft configurations, 
efficient engines, and low carbon propulsion systems such as hybrid electric tech- 
nology systems. NASA is enabling the future of unmanned and autonomous flight 
by providing technical data and analysis to directly inform FAA rulemaking related 
to Unmanned Aircraft Systems (UAS), funding technology development to address 
emerging needs for UAS integration, and initiating fundamental research in autono- 
mous systems for aviation. Also in FY16, NASA is initiating a series of flight dem- 
onstrations focused on environmental performance, and expanding our portfolio of 
rapid-turnover feasibility demonstrations to infuse new ideas into our research pro- 
gram. NASA’s aeronautics research continues to play a vital leadership role to air 
travel and commerce by enabling game-changing technologies and innovation that 
allow the U.S. aviation industry to continue to grow and maintain its global leader- 
ship role. NASA is truly with you when you fly. 

NASA’s spacecraft are voyaging beyond the solar system, we are developing a mis- 
sion to pass right through the Sun’s atmosphere, and our spacecraft are exploring 
the planets in between. The venerable Hubble Space Telescope is looking back into 
deep time, Kepler is demonstrating the prevalence of planets around other stars, 
and the James Webb Space Telescope is on the way. An early version of Orion 
splashed down in the Pacific, Astronaut Mark Kelly is preparing for a one-year mis- 
sion in space, and the Space Launch System is on track for a November 2018 launch 
capability. NASA is embracing its mission as never before. NASA looks forward to 
working with the Committee and the Congress to make this vision a reality. 

Mr. Chairman, I would be pleased to respond to your questions and those of other 
Members of the Subcommittee. 
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Attachment 

National Aeronautics and Space Administration 

FY 2016 President’s Budget Request Summary 


FUail Year 



Actual 

Fnacicd 

kcuucst 


Notional 


1 hiJgci Authonh ($ in millions) 

1 

1 

1 2016 

1 2017 

2018 

2019 

202(1 1 

NASA Total 

17,646.5 

18.010.2 

18.529.1 

18,807.0 

19,089.2 

19.375.5 

19,666.1 

Science 

5.I-W.2 

5.244.7 

5.288.6 

5.367.9 

5,488.4 

5,530.2 

5.6 ill 

Earth Science 

1.824.9 

- 

1.947.3 

1,966.7 

1,988.0 

2.1HI9.3 

2.027.4 

Planetar) Science 

1>I5.7 

- 

1,361.2 

1,420.2 

1,458.1 

1,502.4 

1,527.8 

Astrophyiic<i 

67R3 

- 

709.1 

726.5 

769.5 

1,1M)5.5 

1.138.3 

James Webb Space Telescope 

658.2 

645.4 

620.0 

569.4 

534.9 

305.0 

197.5 

Helioph) hies 

641.0 

- 

651.0 

685.2 

697.9 

708.1 

7211 

Aentnauiich 

566.0 

651.0 

571.4 

580.0 

588.7 

597.5 

606.4 

Space Technulog) 

576.t» 

596.0 

724.8 

735.7 

746.7 

757.9 

769,3 

Exploration 

4,113.2 

4,356.7 

4.505.9 

4.482.2 

4.298.7 

4,264.7 

4,205.4 

Exploration Systems 

Dexelopmcnl 

3.1 15.2 

3,245.3 

2.862.9 

2.895.7 

2,971.7 

3,096.2 

3,127.1 

Commercial Spaceflight 

696.0 

805.0 

1,243.8 

1,184.8 

731.9 

173.1 

1.1 

Exploration Research and 
Deselonmeni 

3010 

306.4 

399.2 

401.7 

595.1 

995.4 

1,077.2 

Space Operations 

3.774.0 

3.827.8 

4.0(i3.7 

4.191.2 

4.504.9 

4.670.8 

4.864.3 

International Space Station 

2.964.1 

~ 

3.105.6 

3,273.9 

3.641.0 

3.826.0 

4.038.3 

Space and Flight Support 

809.9 


898.1 

917.3 

863.8 

844.8 

826.1 

Education 

116.6 

119.0 

88.9 

90.2 

91.6 

93.0 

94.4 

Safetx, 5iccuritv, and Mission 

Sen ices 

2,793.0 

2.758.9 

2,843.1 

2.885.7 

2.929.1 

2.973.0 

3.017.5 

Center Management and 

2.(MI.5 


2,075.2 

2,105.0 

2,136.6 

2,168.6 

2,201.0 

Agencs Management and 
Opi'rations 

751.5 

■ 

767.9 

780.7 

792.5 

804.4 

816.5 

Construction and Enxirunmcnial 
Compliance and Restoration 

5210 

419.1 

465.3 

436.1 

442.6 

449.3 

456.0 

Construction of Facilities 

455.9 


374.8 

344.3 

349.3 

354.6 

359.9 

Environmental Compliance and 
Restoration 

66.1 


90.5 

91.8 

93.3 

94.7 

96.1 

H Inspector General 

37.5 

37.0 

37.4 

38.0 

38.5 

39.1 

39.7 

1 NASA Total 

17.646.5 

18.010.2 

18,529.1 

18.807.0 

19,089.2 

19,375.5 

19.666.1 


/•') 2014 reflects funding amounts specified in the June 2014 Operating Flan per P.L 113-76. 


/•■>■ 20/3 reflects only funding amounts specified m P.L 113-235. the Consolidated and Further < 'ontinuing 
. tppropriations Act, 2015. For projects in development. .M I 's tentatively planned hT 2015 funding lex'el is shown. 
FY 2015 funding levels are .subject to change pending finalization of the FY 2015 operating plan. 


'the totals for the Fxploration and .Space ( )pcrations accounts in this dtKumenf .\uper.\ede the figures in the draft 
appropriations language. 


Senator Cruz. Thank you very much, Administrator Bolden. 
Thank you for joining us here this morning, and thank you for your 
many, many years of honorable service to our nation. 

I’d like to start by asking a general question. In your judgment, 
what is the core mission of NASA? 

Mr. Bolden. Mr. Chairman, I’ve given that a lot of thought over 
the last few days, and so I went back and looked at the original 
Space Act of 1958. I won’t quote it, but essentially our core mission 
from the very beginning has been to investigate, explore space and 
the Earth environment, and to help us make this place a better 
place. So that’s the nut of it right there. 

And, I have to admit, another core part of it, because we have 
multiple — if you want to say multiple cores, which is hard — aero- 
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nautics is an essential part of what NASA does. It is the Big A in 
NASA. If someone from another planet came down and looked at 
our budget, they probably would not believe that, because it is the 
least funded or the skimpiest funded portion of the budget, but 
we’re working on it. 

Senator Cruz. Well, there’s no doubt that there are multiple im- 
portant priorities within NASA. But I would suggest that almost 
any American would agree that the core function of NASA is to ex- 
plore space. That’s what inspires little boys and little girls across 
this country. It’s what sets NASA apart from any other agency. It’s 
the mission that landed man on the moon. It has the potential to 
explore new worlds beyond our imagination. 

You and I have had this conversation many times. 

Mr. Bolden. Yes, sir. 

Senator Cruz. And you know that I am concerned that NASA, 
in the current environment, has lost its full focus on that core mis- 
sion, and I want to talk for a minute about the current budget. 

If you look at the current budget of NASA, and if you compare 
2009 to 2016, we can see from 2009 to 2016 that Earth Sciences 
has had a 41 percent increase in the budget. In contrast, explo- 
ration and space operations, what I would consider the core func- 
tion of NASA, has seen its budget drop 7.6 percent. And looking at 
the remainder of the elements. Planetary Sciences is a 3 percent 
increase. Heliophysics is a 10 percent increase, and Astrophysics is 
a 10 percent increase. 

In my judgment, this does not represent a fair or appropriate al- 
location of resources, that it is shifting resources away from the 
core functions of NASA to other functions. Do you share that as- 
sessment? 

Mr. Bolden. Mr. Chairman, I am very interested in your chart. 
However, I will say one thing. It is interesting to note that there 
is a decrease in exploration or human spaceflight when, in fact, 
that was somewhat intentional because we were trying to get the 
cost of exploration down as we reached farther out into the solar 
system. It used to cost us $2B a year to maintain the Space Shut- 
tle, whether we flew it or not. Today, NASA pays — I want to say 
we now have two contracts that are in the neighborhood of about 
$6.8B that will give us 16 fights on a combination of Boeing and 
SpaceX missions, carrying American astronauts to space. That will 
probably take place over about maybe three or 4 years. 

So I think that decrease is actually a little bit of what we were 
trying to do, get the cost of flying humans into space down. That’s 
what’s driving the market, is reducing launch costs. 

So the fact that Earth Science has increased. I’m proud to say 
it has enabled us to understand our planet far better than we ever 
did before because it’s absolutely critical. 

If I go back to what used to be my home state, and your state, 
the state of Texas, we have the Texas Soil Observation Network, 
which is strongly supported by NASA. Senator, I don’t need to tell 
you, when I lived in Houston, the elevation sank a matter of inches 
over the period of time that I lived there, and that was because we 
were pumping water out of the ground and we just didn’t realize 
what was going on. 
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But now, because of some of NASA’s efforts, we have satellites 
that are able to look and actually measure the difference in gravi- 
tational field of Earth, and we can tell that we’re emptying out the 
aquifers, and that’s just looking at our environment, trying to make 
sure that we have a better place for all of us in which to live. I 
think that’s critical. 

Senator Cruz. I am confident, though, that it’s not your testi- 
mony to this subcommittee that NASA has all the resources it 
needs 

Mr. Bolden. Oh, no. 

Senator Cruz. — for space exploration 

Mr. Bolden. No, no, no. 

Senator Cruz. — and that it has suddenly gotten less expensive 
and more affordable. Indeed, as you know, the first hearing this 
subcommittee had, we heard from expert testimony as to the real 
challenges if we are going to go back to the Moon or to Mars or 
beyond, that it’s going to require a significant investment. And I 
would suggest that this chart does not suggest that the investment 
of budgetary resources is going where it should, and let me note 
one specific matter. 

This past December, Orion completed a nearly flawless maiden 
unmanned test flight on the Exploration Flight Test 1 mission. But 
despite the success of SLS and Orion, the President’s budget re- 
quest cuts funding by over $441 million. Does the Administration 
lack confidence in SLS and Orion and their ability to get American 
astronauts to space beyond low-Earch orbit in the 2021 timeframe? 

Mr. Bolden. Senator, quite the contrary. I think the Administra- 
tion has the utmost confidence in us, and that’s the reason that 
they presented the bill for $18. 5B that they did to the Congress. 

The President trusts me to take whatever amount of funds the 
Congress appropriates to us and appropriately balance that across 
our portfolio because we do have multiple things for which we are 
responsible. 

The fact that we now have a set date where the launch complex 
at the Kennedy Space Center and SLS will be ready for flight in 
November 2018; the fact that we’re going to have a set date when 
Orion will be ready to be integrated with SLS and we’ll have that 
this summer; the fact that we had a successful test on the solid 
rocket booster out at Promontory Point, Utah 2 days ago; the fact 
that we now have two contractors who are upgrading their facili- 
ties at the Kennedy Space Center and at Cape Canaveral Air Force 
Station so that we can launch American astronauts to space from 
American soil in 2017; the fact that we now have a robust competi- 
tion for American companies to get cargo to space where that used 
to be the job of the government; I think that speaks highly to the 
confidence that the Administration and hopefully this Congress has 
in our ability to do exactly what you want us to do. 

I would say — you asked me about your chart — there’s a lot of 
chartsmanship. I’m not sure what you include in exploration, for 
example. So by my statements, I was not acknowledging that I 
agree with the numbers on the chart. I don’t want everyone to say 
I accept the numbers on the chart, because when you talk about 
exploration, a lot of times people don’t count the launch complex. 
You can’t go anywhere if you don’t have a place from which to 
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launch. A lot of times people don’t count commercial crew and 
cargo. We can’t go anywhere if we don’t have a robust, sustainable 
low-Earth orbit infrastructure. 

So there are a lot of things that people don’t count. We can’t go 
anywhere if the Kennedy Space Center goes under water and we 
don’t know it. That’s understanding our environment. 

So, as Senator Nelson said, it is absolutely critical that we un- 
derstand Earth’s environment because this is the only place that 
we have to live. Having had an opportunity to view it from a place 
where — I look around and I’m not sure anybody else here has had 
that opportunity. We’ve got to take care of it, and the only way we 
can take care of it is that we know what’s happening. And the only 
way we know what’s happening is to use instruments that we de- 
veloped in NASA, and we do it better than anybody else. I’m proud 
to say that. 

I always come and brag on my workforce. We do it better than 
anybody else in the world, and that allows us to get data to you 
and Members of the Congress and the Administration, who make 
decisions. We don’t make decisions. We don’t give you opinions. We 
give you data. 

So I’m very proud of what we’ve done, and I’ll go back and take 
it for the record to see whether we agree with the numbers on the 
chart, Mr. Chairman. 

[The information referred to follows:] 

The chart shows an increase in the Earth Science budget from 2009 to 2016 of 
41 percent. In the FY 2009 Appropriation, the Earth Science Division’s fraction of 
the full-Agency budget was 9.1 percent, while in the President’s Budget Request for 
EY 2016, this fraction is 10.5 percent. Therefore, in absolute terms, the Earth 
Science fraction of the Agency’s budget has increased by only 1.4 percent. This mod- 
est increase supports missions such as Orbiting Carbon Observatory (OCO-3), Cli- 
mate Absolute Radiance and Refractivity Observatory (CLARREO) technology dem- 
onstration, and research & analysis. It also supports the transfer of activity from 
the National Oceanic and Atmospheric Administration (NOAA) to NASA for devel- 
oping certain Earth-observing satellites (which takes advantage of NASA expertise 
in developing Earth-observing satellites). 

It is important to note that Earth Science is one of NASA’s core missions. The 
Agency’s authorizing statute establishes a list of nine objectives for the Agency, and 
the first of these is “(1) The expansion of human knowledge of the Earth and of phe- 
nomena in the atmosphere and space.” The National Academies’ 2007 Decadal Sur- 
vey for Earth Science, “Earth Science and Applications from Space,” recommended 
that: “The U.S. government, working in concert with the private sector, academe, 
the public, and its international partners, should renew its investment in Earth-ob- 
serving systems and restore its leadership in Earth Science and applications.” The 
proposed budget for FY 2016 is still about 20 percent below the actual levels of the 
late 1990s, which was the funding level recommended by the Decadal Survey. The 
increase demonstrates the important role that NASA Earth Science plays in the Na- 
tion’s science priorities — including those recognized in the NRC Decadal Survey — 
and confidence in NASA’s ability to effectively implement missions. 
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Focus Inward or Focus Outward? 

Refocusing NASA's Core Priorities 


41% increase 


Earth Science: 

41% Increase from 
2009 to 2016 


10% increase 10% increase 


3% increase 


-7.6% decrease 


Earth Exploration Planetary Heliophysics Astrophysics 
Science & Science (includes JWST) 

Space Operations 


Senator Cruz. Thank you, Mr. Administrator. 

I now recognize Senator Nelson for his questions. 

Senator Nelson. Well, I’m going to defer to the Ranking Member 
of the Subcommittee, but let me just point out, budgets are not al- 
ways as clear as what we think they are. Whereas it does show, 
as you stated, the President’s request from what is existing appro- 
priations, which, by the way, is guided by Senator Shelby and Sen- 
ator Mikulski, a significant plus-up in commercial crew, in which 
we clearly have an interest, we the United States, in being able to 
put Americans on American rockets and not pay the Russians to 
get to and from the International Space Station. 

But where it looks like that there is, as you said, about a $400 
million reduction in the President’s request for Orion and the 
Space Launch System, look at the other things that go along with 
that, exploration ground systems up $59 million in the President’s 
request, exploration R&D up $93 million in the President’s request. 
And then when you get to something that nobody understands, in- 
cluding this Senator, it also includes part of the exploration, cross- 
agency support, that’s up $84 million. Space technology, which is 
all a part of the exploration program, but it’s a different line item, 
that’s up in the President’s request $129 million. 

So I think just those numbers, just looking at the specific, iso- 
lated SLS and Orion, doesn’t tell us the whole story. I would defer 
to the Ranking Member. 

Senator Peters. Thank you, Mr. Chairman. And thank you. 
Ranking Member Nelson. 

I want to just follow along with some of the thoughts that both 
of the individuals have brought up. 
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Chairman Cruz, looking at this chart, I think it’s also important 
to note that if you look at a longer timeframe, looking back through 
the Bush Administration, and prior to that the Clinton Administra- 
tion, it’s my understanding that the money that was spent on 
Earth Sciences was considerably higher during the Clinton Admin- 
istration than is currently being spent during the Obama Adminis- 
tration. So it is not as if there has been a big increase from a base- 
line. It’s actually coming back from a major reduction that occurred 
during the Bush Administration. 

I would like to, therefore, enter into the record actually a report 
that we have from the National Academy of Sciences, their “Earth 
Science and Applications From Space,” a midterm assessment that 
was done back in 2007. If I may quote something from the report — 
if I may enter this, without objection? 

Senator Cruz. Without objection. 

[The information referred to follows:] 
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Earth Science and Applications from Space: National Imperatives for the 
Next Decade and Beyond 

Committee on Earth Science and Applications from Space: A Community Assessment and Strategy for the 
Future, National Research Council 

Pdf available at http:! I www.nap.edu I catalog 1 11820 learth-science-and-applications- 
from-space-national-imperatives-for-the 

Executive Summary 


A VISION FOR THE FUTURE 

Understtindini; l/ie coniplex, chdtifiing pbnet on which we live, how it supports life, twd how 
hunwn activities <ufe(. t its ability to do so in the future is one of the greiUest intellectu<il ch,illenftes 
facing humanity. It is also one of the most impiyrtant challenges for SiK'iety cJS H seeks to achieve 
prosperity, health, and sustainability. 

Tht?se declaralions, firsi made in the interim report of the Committee on Earth Science and Applications 
from Space: A Community Assessment and Strategy for the FulureJ are the foundation of the committee's 
vision for a decadal program of Earth science research and applications in supix>rt of s(K'iety — a vision 
that includes advances in fundamental understanding of the Earth system and increased application of this 
understanding to serve the nation and the people of the world. The declarations call for a renewal of the 
national commitment to a program of Earth observations in which attention to securing practical l)enefits 
for humankind plays an equal role with the quest to acquire new knowledge about the Earth system. 

The committee strongly reaffirms these declarations in the present report, which completes the National 
Research Council's (NRC's) response to a request from the National Aeronautics and Space Administra- 
tion (NASA) Office of Earth Science, the National Oceanic and Atmospheric Administration (NOAA) 
National Environmental Satellite Data and Information Service, and the U.S. Geological Survey (USCS) 
Geography Division to generate consensus recommendations from the Earth and environmental science 
and applications communities regarding (1) high-priority flight missions and activities to support national 
needs for research and nxinitoring of the dynamic Earth system during the next decade, and (2) important 
directions that should Influence planning for the decade beyond.2 The national strategy outlined here has 
as its overarching objeclive a program of scientific discovery and development of applications that will 


'Njitofwl RevNircii Council (NRC), Scioru-o .vKf Ai)ptic.Uiom tnMv Space: Hrffciu Nct'th atid Optxxtunilies to Sen'o the 
Nation, llw Nationol Acjdwims Press. Washingion, D.C., 2005. p. t; referred (o Iserealfer as ihe “inferini rei>ori.' 

ilho ofher elements ol the committee’s charge are ^wn in Appendix A. As explained in the Prefacx?, the commitlee tociised its 
attention on items 2. 3, and A of tlie charge*. 
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EARTH SCIENCE AND APPLICATIONS FROM SPACE 


enhance economic competitiveness, protect life and property, and assist in the stewardship of the planet 
for this and future generations. 

Earth observations from satellites and in situ colleaion sites are critical for an ever-increasing number 
of applications related to the health and well-being of society. The committee found that fundan>ental 
improvements are needed in existing observation and information systems because they only loosely con- 
nect three key elements: (1 ) the raw observations that produce information; (2) the analyses, forecasts, and 
models that provide timely and coherent syntheses of otherwise disparate information; and ( 3 ) the decision 
processes that use those analyses and forecasts to produce actions with direct 5<Kietal benefits. 

Taking responsibility for developing and connecting these three elements In support of society's needs 
represents a new social contract for the scientific community. The scientific community must focus on 
meeting the demands of society explicitly. In addition to satisfying its curiosity about how the Earth system 
works. In addition, the federal institutions responsible for the Earth sciences' contributions to protection 
of life and property, strategic economic development, and stewardship of the planet will also need to 
change. In particular, the clarity with which Congress links financial resources with societal objectives, and 
provides oversight to ensure that these objectives are met, must keep pace with emerging national needs. 
Individual agencies must develop an integrated framework that transcends their particular interests, with 
clear responsibilities and budget authority for achieving the most urgent societal objecUves. Therefore, the 
committee offers the following overarching recommendation: 

Recommendation: The U.S. government, working in concert with the private sector, academe, the public, 
and its international partners, should renew its investment in Earth-observing systems and restore its 
leadership in Earth science and applications. 

The objectives of these partnerships would be to facilitate improvements that are needed in the struc- 
ture, connectivity, and effectiveness of Earth-observing capabilities, research, and ass<Kiated information 
and application systems — not only to answer profound scientific questions, but also to effedively apply 
new knowledge in pursuit of societal benefits. 

The world faces significant environmental challenges; shortages of clean and accessible freshwater, 
degradation of terrestrial and aquatic ecosystems, increases in soil erosion, changes in the chemistry of 
the atmosphere, declines in fisheries, and the likelihcxxl of substantial changes in climate. These changes 
are not isolated; they interact with each other and with natural variability in complex ways that cascade 
through the environment across local, regional, and global scales. Addressing these S(x:ietal challenges 
requires that we confront key scientific questions related to ice sheets and sea-level change, large-scale 
and persistent shifts in precipitation and water availability, transcontinental air pollution, shifts in ecosystem 
structure and function in response to climate change, impacts of climate change on human health, and 
the occurrence of extreme events, such as severe storms, heal waves, earthquakes, and volcanic eruptions. 
The key questions include; 

• Will there be catastrophic collapse of the major ice sheets, including those of Greenland and West 
Antarctic and, if so, how rapidly will this (Kcur? What will be the time patterns of sea-level rise as a result? 

• Will droughts become more widespread in the western United States, Australia, and sub-Saharan 
Africa? How will this affect the patterns of wildfires? How will reduced anwunts of snowfall change the 
needs for water storage? 

• How will continuing economic development affect the production of air pollutants, and how will 
these pollutants be transported across oceans and continents? How are these pollutants transformed during 
the transport process? 
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EXECUTIVE SUMMARY 




• How will coastal and ocean ecosystems respond to changes in physical forcing, particularly those 
subject to intense human harvesting? How will the boreal forest shift as temperature and precipitation 
change at high latitudes? What will be the impacts on animal migration patterns and on the prevalence of 
invasive species? 

• Will previously rare diseases become comnion? How will mosquito-borne viruses spread with 
changes in rainfall and drought? Can we better predict the outbreak of avian flu? What are the health 
impads of an expanded ozone hole that could result from a cooling of the stratosphere, which would l)e 
ass(Kiated with climate change? 

• Will tropical cyclones and heat waves become more frequent and more intense? Are major fault 
systems nearing the release of stress via strong earthquakes? 

The required observing system is one that builds on the current fleet of space-based instruments and 
brings to a new level of integration our understanding of the Earth system. 

SETTING THE FOUNDATION: OBSERVATIONS IN THE CURRENT DECADE 

As d(Kumented in this report, the extraordinary U.S. foundation of global observations is at great risk. 
Between 2(K)6 and the end of the decade, the number of operating missions will decrease dramatically, 
and the number of operating sensors and instruments on NASA spacecraft, most of which are well past 
their nominal lifetimes, will decrease by some 40 percent (see Figures ES.l and ES.2). FurthermcKe, the 
replacement sensors to be flown on the National Polar-orbiting Operational Environmental Satellite System 
(NPOESS)^ are generally less capable than their Earth Observing System (EOS) counterparts.4 Among the 
many measurements expected to cease over the next few years, the committee has identified several that 
are providing critical Information now and that need to be sustained Into the next decade — both to continue 
important time series and to provide the foundation necessary for the recommended future observations. 
These include measurements of total solar irradiance and Earth radiation and vector sea-surface winds; 
limb sounding of ozone profiles; and temperature and water vapor soundings from geostationary and 
polar orbits.5 

As highlighted in the committee's interim report, there is substantial concern that substitution of passive 
microwave sensor data for active scalterometry data will worsen El Nifio and hurricane forecasts as well 
as weather forecasts in coastal areas.^ Given the status of existing surface wind measurements and the 
substantial uncertainty introduced by the cancellation of the CMIS instrument on NPOESS, the committee 
believes it imperative that a measurement capability be available to prevent a data gap when the NASA 
QuikSGAT mission, already well past its nominal mission lifetime, terminates. 

(Questions about the future of wind measurement capabilities are part of a larger set of issues related to 
the development of a mitigation strategy to recover capabilities lost in the recently announced descoping 
and cancellations of instruments and spacecraft planned for the NPOESS constellation. A request for 


^See a description at httpyAwvw.ipo.noaa.gov/. 

‘^NASA's barth Observing System (tOS) irtcludes a series of satellites, a science component, and a data system supporting a 
c<M)rdinated series of polar-orbiting and (ow-iiK'lination satellites for long-term global observations of the larvl surface, biospliere, 
solid farth, atmosphere, and weans. See hltpy/eosf>so.gsfc.nasa.gov/eos_homepage/dc^Tiption.plip. 

^As discussed in the Preface arxi in more detail in Chapter 2, the continuity of a number of oilier critical measuremc^its, such as 
sca-surfacc temperature, is d(^»ndcnt on the acquisition of a suitable instrument on NPOfSS to replace the now<ancoled CMIS 
sensor. 

^Also, see pp. 4-5 of the Oceans Community letter to the Decadal Survey, available at httpy/ciossxoas.oregonstate.edu/CIOS^ 
Documenls/Oceans_Community. lcnor.pdf. and ll>e report of the NOAA Operational Ocean Surface Vector Winds Requirements 
Workshop, |une S-7, 2006, National HurricaneCenter, Miami, (la., P. Chang and Z. Jclenak, cds. 
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Year 

FIGURE E5.1 Number of U.S. space-based Earth observation missions in the current decade. An emphasis on climate and 
weather is evident as is a decline in the number of missions near the end of the decade. For the period from 2007 to 201 0, 
missions were generally assumed to operate for 4 years past their nominal lifetimes. Most of the missions were deemed to 
contribute at leastslightly to human health issues, and so health is not presented as a separate category.SOURCE: Informa- 
tion from NASA and NOAA Web sites for mission durations. 
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FIGURE ES.2 Number of U.S. space-based Earth observation instruments in the current decade. An emphasis on climate 
and weather is evident, as is a decline in the number of instruments near the end of the decade. For the period from 2007 
to 2010, missions were generally assumed to operate for 4 years past their nominal lifetimes. Most of the missions were 
deemed to contribute at least slightly to human health issues, and so health is not presented as a separate category. 
SOURCE: Information from NASA and NOAA Web sites for mission durations. 
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the committee to perform a fast-track analysis of these issues was approved by the NRC shortly before 
this report was released. Nevertheless, based on its analysis to date, the committee makes the following 
recommendations: 

Recommendation:^ NOAA should restore several key climate, environmental, and weather observation 
capabilities to its planned NPOESS and GOES-R^ missions; namely: 

• Measurements of ocean vector winds and all-weather sea-surface temperatures descoped from 
the NPOESS Cl launch should be restored to provide continuity until the CMIS replacement is opera- 
tional on NPOESS C2 aixl higher-quality active scatterometer measurements (from XOVWM, described 
in Table ES.1) can be undertaken later in the next decade. 

• The limb sounding capability of the O/one Monitoring and Profiling Suite (OMPS) on NPOESS 
should be restored.^ 

The committee also recommends that NOAA: 

• Ensure the continuity of measurements of Earth's radiation budget (ERB) and total solar irradiance 
(TSI) through the period when (he NPOESS spacecraft will be in orbit by: 

— Incorporating on the NPOESS Preparatory Project (NPP)IO spacecraft the existing "spare" 

CERES instrument, and, if possible, a TSI sensor, and 

— Incorporating these or similar instruments on the NPOESS spacecraft that will follow NPP, or 

ensuring that measurements of TSI and ERB are obtained by other means. 

• Develop a strategy to restore the previously planned capability to make high-temporal- and high- 
vertical-resolution measurements of temperature and water vapor from geosynchronous orbit. 

The high-temporal- and hlgh-verticaI-rest>lution measurements of temperature and water vapor from 
geosynchronous orbit were originally to be delivered by the Hyperspectral Environmental Sensor (HES) on 
the COES-R spacecraft. Recognizing the technological challenges and accompanying potential for growth 
in acquisition costs for HES, the committee recommends consideration of the following approaches: 


^Inaccurate wording oi this four^part recomniendat ion in the initially rdcasod prepublication copy o( this report was subsequently 
corrected by the committee to reHecl its intent to recommend a capability tor ensuring continuity of the ongoing record of measure- 
ments of total solar irradiance and of 1 arth's radiation budget. As explained in the description of the Cl AKRI O mission in Chapter 4 , 
the committee recommends that the CERtS Earth radiation budget instrument and a total solar irradiar^e sensor he flown on the 
N(H5fSS Preparatory Pro|oct (NPP) satellite and that tl>ese instruments or their equrvaleni be carried on tlw NPOfSS spacecraft or 
another suitable platform. 

^GOES-R is the designation for the next gei>oration of geostationary operational environmental satellites (GOES). See https'y/osd. 
goes.rmaa.gov/ and http;//goespoes.gsfc.nasa.gov^oes/spacecrafyr. spacecraft.html. The first launch of the GOES-R series satellite 
was recently delayed from the 201 2 time frame to Oecember 201 4. 

^itEx)ut this capability, rK> national or international o/one-profiling capability will exist after the EOS Aura mission ends in 
2010. This capability is key to monitoring o/one-layer recovery in the next two decades arxl is part of NCAA's mandate ihrougli 
the Clean Air Act. 

lOThe NA.SA-managed NPP, a point mission involving NA.SA and the NPOESS Integrated Program Office (IPO), has a twofold 
purpose: (1) to provide continuity for a selected set of calibrated oE>servations with tlic existing Earth Observing System measure- 
ments for Earth science research atwl (2) to provide risk reduction for four of the key sensors that will fly on NEY)£S5, as well as 
the command and data-handling system. Ihe earliest launch set for Nil* is now September 2009, a delay of nearly 3 years from 
the plans that existed prior to the 200f) Nunn-M<<!iirdy recertification. See http//jointmission.gsfc.nasa.gov/ and http^Avww.nasa. 
gov/pdf/1 5001 lmain_NASA_Teslimony_for_NPOfSS-f INAI .pdf. 
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• Working with NASA, complete the GIFTS instrument, deliver it to orbit via a cost-effective launch 
and spacecraft opportunity, and evaluate its potential to be a prototype for the HES instrument, and/or 

• Extend the HES study contracts focusing on cost-effective approaches to achieving essential sound- 
ing capabilities to be flown in the GOES-R time frame. 

The committee Ixjlieves that such approaches will both strengthen the technological foundation of 
geostationary Earth orbit fGEO)-hased soundings and provide the requisite experience for efficient opera- 
tional implementation of GEO-hased soundings. 

The recommendations above f<Kuson issues whose rest)lution requires action by NCAA. The commit- 
tee also notes two issues of near-term concern mostly for NASA; 

1 . Understanding the changing global precipitation patterns that result from changing climate, and 

2. Understanding the changing patterns of land use due to the needs of a growing population, the 
expansion and contraction of economies, and the intensification of agriculture. 

Both of these concerns have been highlighted in the scientific and policy literature;^ ^ they were also 
highlighted in the committee's Interim report. The committee believes that It is vital to maintain global 
precipitation measurements as offered by the Global Precipitation Measurement (GPM) mission, and to 
continue to document biosphere changes indicated by measurements made with instruments on the Landsat 
series of spacecraft. 

Recommendation: NASA should ensure continuity of measurements of precipitation and land cover by: 

• Launching the GPM mission in or before 2012, and 

• Securing before 2012 a replacement for collection of Landsat 7 data. 

The committee also recommends that NASA continue to seek cost-effective, innovative means for obtain- 
ing information on land cover change. 

Sustained measurements of these key climate and weather variables are part of the committee's strategy 
to achieve its vision for an Earth observation and information system in the next decade. The recommended 
new system of observations that will help deliver that vision is described below. 

NEW OBSERVATIONS FOR THE NEXT DECADE 

The primary work in developing a decadal strategy for Earth observation took place within the survey's 
seven thematically organized panels (see Preface). Six of the panels were organized to address multi- 
discipline issues in climate change, water resources, ecosystem health, human health, solid-Earth natural 
hazards, and weather. This categorization is similar to the organizing structure used in the Global Earth 
Observation System of Systems (CEOSS) process. Each panel first set priorities among an array of candidate 
space-based measurement approaches and mission concepts by applying the criteria shown in Box ES.l . 
The assessment and subsequent prioritization were based on an overall analysis by panel members of 
how well each mission satisfied the criteria and high-level community objectives. Recommendations in 


•Uor example, see the IPCC Third Assessmem Report, Climate Chatige 2001 . available at httpy/www.ipcc.ch/piih/repofts.htm or 
at http/Avww.gri(la.i>Q/cliinate/ipcc_tar/, and ilte 200S Millennium Tcosysiefii Assessment Synthesis reports, wtiich are available at 
httpyAvww. maweb .org/er VProduc'ts.aspxlV . 
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BOX ES.1 CRITERIA USED BY THE PANELS TO CREATE RELATIVE RANKINGS OF MISSIONS 


• Contribution to the most important scientific questions facing Earth sciences today (scientific merit 
discovery, exploration) 

• Contribution to applications and policy making (societal benefits) 

• Contribution to long-term observational record of Earth 

• Ability to complement other observational systems, including planned national and international 
systems 

• Affordability (cost considerations, either total costs for mission or costs per year) 

• Degree of readiness (technical, resources, people) 

• Risk mitigation and strategic redundancy (backup of other critical systems) 

• Significant contribution to more than one thematic application or scientific discipline 

Note that these guidelines are not in priority order, and they may not reflect all of the criteria considered 
by the panels. 


previous community-based reports, such as those of the World Meteorological Organization, were also 
considered. 

The complete set of high-priority missions and observations identified by the panels numl>ered 
approximately 35, a substantial reduction from the more than 1 (X) missions suggested in the responses to 
the committee's request for information (see Appendixes D and E) and numerous other mission ideas sug- 
gested by panel members (see Table 2.3). The panel reports in Part III of this report document the panels' 
analyses. As described in Chapter 2, the committee derived a total of 1 7 missions for implementation by 
NASA and NOAA. 

In developing the recommended set of missions, the committee recognized that a successful Earth 
observation program is more than the sum of its parts. The committee's prioritization methcxlology was 
designed to achieve a robust, integrated program — one that does not crumble if one or several missions 
in the prioritized list are ren>oved or delayed or if the mission list must evolve to accommodate changing 
needs. The methodology was also intended to enable augmentation or enhancement of the program should 
additional resources become available beyond those anticipated by the committee. Robustness Is thus 
measured by the strength of the overall program, not by the particular missions on the list. It is the range 
of observations that must be protected rather than the individual missions themselves. 

The committee's recommended Earth observation strategy consists of: 

• 14 missions for implententation by NASA, 

• 2 missions for implementation by NOAA, and 

• 1 mission (CLARREO) that has separate components for implementation by NASA and NOAA. 

These 1 7 missions are summarized in Tables ES.t (NOAA portion) and ES.2 (NASA portion). The recom- 
mended observing strategy is consistent with the recommendations from the U.S. Global Change Research 
Program (USGCRP), the U.S. Climate Change Science Program (CCSP), and the U.S. component of GEOSS. 
Most Importantly, the observing strategy enables significant progress across the range of Important societal 
issues. The number of recommended missions and associated observations is only a fradion of the number 
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TABLE ES.1 Launch, Orbit, and Instrument Specifications for Missions Recomn^ended to NOAA 


Decadal 

Survey 

Mission 

Mission Description 

Orbito 

Instruments 

Rough Cost 

Estimate 

(FY06$million) 

3010-2013 

CLARREO 

(fnstrumeitl 

teflight 

comporteitts) 

Solar artd Earth radiation characteristics for 
undeistanding climate forcir>g 

LEO. SSO 

Broad bai>d radiometer 

6S 

GPSRO 

High-accuracy, all-weather temperature, water 
vapor, and electron density profiles for weather, 
climate, and space weather 

LEO 

GPS receiver 

ISO 

2013-2016 

XOVWM 

Sea- surface wind vectors for weather and 
ocean ecosystems 

LEO. SSO 

Backscalter radar 

350 


NOTE: Missions are listed by cost. Colors denote mission cost categories as estimated by the committee. Green and blue shadlt>g 
liKikates medium-cost ($300 million to $600 million) and small<ost (<$300 million) missions, respectively. The missions are described in 
detail In Part II, and Part III provides the foundation for selection. 


OLEO, low Earth orbit; SSO, Sun-synchronous orbit. 


of currenlly operating Earth missions and observations (see Figures ES.1 and ES.2). The amimittee believes 
strongly th^t the missions listed in Tables ES. 1 and ES.2 form a minimal, yet robust, observational component 
of an Earth information system that is capable of addressing a broad range of societal needs. 

Recommendation: In addition to implementing (he re-baselined NPOESS and GOES program and 
completing research missions currenlly in development, NASA and NOAA should undertake (he set 
of 17 missionsl^ recommended in Tables ES.1 and ES.2 comprising low-cost (<$300 million), medium- 
cost ($300 million to $600 million), and large-cost ($600 million to $900 million) missions and phased 
appropriately over the next decade.^ ^ Larger, facility-class (>$1 billion) missions are not recommended. 
As part of this strategy: 

• NOAA should transition to operations three research observations. These are vector sea-surface 
winds; CPS radio occultation temperature, water vapor, and electron density soundings; and total solar 
irradiance (restored to NPOESS). Approaches to these transitions are provided through the recommended 
XOVWM, GPSRO, and CLARREO missions listed in Table ES.1. 

• NASA should implement a set of 1 5 missions phased over (he next decade. All of (he appropriate 
low Earth orbit (LEO) missions should include a Global Positioning System (GPS) receiver to augment 
operational measurements of temperature and water vapor. The missions and their specifications are 
listed in Table ES.2. 


mission. Cl ARRfO, has two components— a NASA component and a separate NOAA component. 
f^Tables ES.I and ES.2 irKludc cost estimates for the 1 7 missions. These estimates irKlude costs for development, launch, and 
3 years of operation for NASA research missions and 5 years of operation for NOAA operational missions. Estimates also include 
funding of a sciervre team to work on algorithms and data preparation, but not furnfing for research and analysis to extract science 
from the data. All c^stimates are in fiscal year 2006 dollars. 
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TABLE ES.2 Launch, Orbit, and Instrument Specifications for Missions Recommended to NASA 


Decadal 

Survey 

Mission 

Mission Description 

Oibito 

Irrstruments 

Rough Cost 

Estimate 

(FY06$million) 

2010-2013 

CLAftftEO 

(NASA 

portion) 

Solar and Earth radiation; spectrally resolved 
forcirsg and response of the climate system 

LEO. 

Precessing 

Absolute, spectrally resolved 
Interferometer 

200 

$MAP 

Soil moisture and hee/e-tiraw for weather ar>d 
water cycle processes 

LEO.SSO 

L-band radar 

L-band radiometer 

300 

ICESat-ll 

Ice sheet height changes for climate change 
drag rx) sis 

LEO, 

Non-SSO 

Laser altimeter 

300 

DESOynl 

Surface arxl ice sheet deformation (or 
urxlerstarKiing rsatural hazards and climate; 
vegetation structure for ecosystem health 

LEO.SSO 

L-band inSAR 

Laser altimeter 

700 

2013-2016 

HyspIRI 

Land surface composition for agriculture and 
mineral characterization; vegetation types for 
ecosystem health 

LEO.SSO 

Hyperspectral spectrometer 

300 

ASCENDS 

OayAtight, all-latitude, all-season CO 2 column 
integrals for climate emissions 

LEO.SSO 

Multifrequency laser 

400 

SWOT 

Ocean, lake, and river water levels for ocean 
and Inlartd water dynamics 

LEO.SSO 

Ka- or Ku-band radar 

Ku-band altimeter 

Microwave radiometer 

450 

GEO-CAPE 

Atmospheric gas columns for ait quality 
forecasts; ocean color for coastal ecosystem 
health and climate emissions 

GEO 

High-spatial-resolutlon 
hyperspectral spectrometer 
Low-spalial-resolution 
imaging spectrometer 

IR correlation radiometer 

550 

ACE 

Aerosol arxl cloud profiles for climate arxl 
water cycle; ocean color for open cxean 
biogeochemisiry 

LEO.SSO 

Backscatter lidar 

Multiangle polarimeter 

Doppler radar 

dOO 

2016-2020 

LIST 

Land surface topograplty for latxlslide hazards 
and water runoff 

LEO.SSO 

Laser altimeter 

300 

PATH 

High-frequerKy, ail-weather temperature and 
humidity sourxlings for weather forecasting 
and sea-surface temperature^ 

GEO 

Microwave array spectrometer 

4S0 

GRACE-II 

High-temporal-resolution gravity fields for 
tracking large-scale water movement 

LEO.SSO 

Microwave or laser ranging 
system 

450 

SCLP 

Srx>w accumulation for freshwater availability 

LEO.SSO 

Ku- arxl X-barxl radars 

K- and Ka-band radiometers 

500 

GACM 

Ozone and related gases for intercontinental 
air quality and stratosplterk ozorte layer 
prediction 

LEO.SSO 

UV spectrometer 

IR spectrometer 

Microwave limb sounder 

600 

3D-Wlnds 

(Demo) 

Tropospheric wirxis for weather forecasting 
and pollution transport 

LEO.SSO 

Doppler Ildar 

650 


NOTE: Missions are listed by cost. Colors derwte mission cost cate 9 orles as estimated by the committee. Pink, green, arxJ blue shading 
Indicates large-cost ($600 million to $900 million), medium-cost ($300 million to $600 miliion),dnd small-cost (<$300 million) missions, 
respectively. Detailed descriptions of the missions aregiven in Part II, and Part III provides (he foundation for their selection. 


^0,low Earth orbit; SSO,Sun-synchror>ous orbit; GEO, geostationary Earth orbit. 

PCIoud-IrsdeperxIent, high-temporal-resolution, lower-accuracy sea-surface temperature measurement to complement, rK>t replace, 
globdl operatior^al high-accuracy sea-surface temperature measurement. 
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In developing its plan, the committee exploited both science and measurement synergies among the 
various (^'iority missions of the individual panels to create a capable and affordable observing system. 
For example, the committee recognized that ice sheet change, solid-Earth hazards, and ecosystem health 
objeclives are together well addressed by a combination of radar and lidar Instrumentation. As a result, a 
pair of missions flying in the same time frame was devised to address the three societal issues. 

The phasing of missions over the next decade was driven primarily by consideration of the maturity of 
key predlcHon and forecasting tools and the timing of particular observations needed for maintaining or 
improving those tools. For established applications with a clear operational use, such as numerical weather 
prediction (NWP), the need for routine vector sea-surface wind observations and atmospheric temperature 
and water vapor soundings by relatively mature instrument techniques set the early phasing, and these 
capabilities are recommended to NOAA for implen>entation. For less mature applications, such as earth- 
quake forecasting and mitigation models, the committee recommends obtaining new surface-deformation 
observations early in the decade to accelerate tool improvements. Observations of this type, which are 
more research-oriented, are recommended to NASA for implementation. 

I n setting the mission timing, the committee also considered mission costs relative to what It considered 
reasonable future budgets, technology readiness, and the potential of international missions to provide 
alternative sources of selecT observations. Rough cost estimates and technology readiness information 
for proposed missions were provided to the committee by NASA or culled from available information on 
current missions. The committee decided not to include possible cost sharing by international partners 
because such relationships are sometimes difficult to quantify. Cost sharing could reduce significantly the 
U.S. costs of the missions. 

Given the relatively large uncertainties attached to cost and technology-readiness estimates, the com- 
mittee chose to sequence missions among three broad periods in the next decade, namely, 2()1()-2()13, 
2013-2016, and 2016-2020. Missions seen to require significant technology development — such as high- 
power, multifrequency lasers for three-dimensional winds and aerosol and ozone profiling, and thin-array 
microwave antennas and receivers for temperature and water vapor soundings — were targeted for either 
the middle or late periods of the next decade; the exact placement depended on the perceived scientific 
and forecasting impact of the proposed observations (see Chapter 2). 

Large uncertainties are also associated with attempts to factor international partner missions into the 
timing of U.S. missions during the next decade. For example, at the beginning of the next decade, there 
are international plans for CCOM-C (201 1) and EarthCARE (2012), missions that are ain>ed at observing 
aerosol and clouds. As a result, the committee targeted for a later time a U.S. mission to explore cloud 
and aerosol interactions. The European Space Agency's Earth Explorer program has recently selected six 
mission concepts for Phase A studies, from which it will select one or two for launch in about 2013. All 
of the Phase A study concepts carry potential value for the broader Earth science community and pro- 
vide overlap with missions reconin>ended by this committee. Accordingly, the committee recognizes the 
imp<jrtance of maintaining flexibility in the NASA observing program to leverage possible international 
activities, either by appropriate sequencing of complementary NASA and international partner missions 
or by exploring possible combinations of appropriate U.S. and internationally developed instruments on 
various launch opportunities. 

The set of recommended missions listed In Tables ES.l and ES. 2 reflects an integrated, cohesive, and 
carefully sequenced mission plan that addresses the range of urgent societal benefit areas. Although the 
launch order of the missions represents, in a practical sense, a priority order, it Is Important to recognize 
that the many factors involved in developing the mission plan preclude such a simple prioritization (see 
discussion in Chapter 3 and decision strategies summarized in Box ES.2). 
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BOX ES.2 PROGRAMMATIC DECISION STRATEGIES AND RULES 


Leverage International Efforts 

• Restructure or defer missions if international partners select missions that meet most of the measure* 
ment objectives of the recommended missions; then (1) through dialogue establish data-access agreements, 
and (2) establish science teams to use the data in support of the science and societal objectives. 

• Where appropriate, offer cost-effective additions to international missions that help extend the values 
of those missions.These actions should yield significant information in the identified areas at substantially less 
cost to the partners. 

ManageTechnology Risk 

• Sequence missions according to technological readiness and budget risk factors.The budget risk consid- 
eration may favor initiating lovirer-cost missions first However, technology investments should be made across 
all recommended missions. 

• Reduce cost risk on recommended missions by investing early in the technological challenges of the 
missions. If there are insufficient funds to execute the missions in the recomrT>ended time frames, it is still 
important to make advances on the key technological hurdles. 

• Establish technology readiness through documented technology demonstrations before a mission's 
developrT>ent phase, and certainly before mission confirmation. 

Respond to Budget Pressures and Shortfalls 

• Delay downstream missions in the event of small (~10 percent) cost growth in mission development. 
Protect the overarching observational program by canceling missions that substantially overrun. 

• Implement a system-wide independent review process that permits decisions regarding technical 
capabilities, cost, and schedule to be made in the context of the overarching science objectives. Programmatic 
decisions on potential delays or reductions in the capabilities of a particular mission could then be evaluated 
in light of the overall mission set and integrated requirements. 

• Maintain a broad research program under significantly reduced agency funds by accepting greater 
mission risk rather than descoping missions and science requirements. Aggressively seek international and 
commercial partners to share mission costs. If necessary, eliminate specific missions related to a theme rather 
than whole themes. 

• /n the event of hrge budget shortfalls, re-evaluate the entire set of missions in light of an assessment of 
the current state of international global Earth observations, plans, needs, and opportunities. Seek advice from 
the broad community of Earth scientists and users and modify the long-term strategy {rather than dealing 
with one mission at a time). Maintain narrow, focused operational and sustained research programs rather 
than attempting to expand capabilities by accepting greater risk. Limit thematic scope and confine instrun>ent 
capabilities to those well demonstrated by previous research instruments. 


The missions recommended for NASA do not fit neatly within the existing structure of the systematic 
mission line (i.e., strategic and/or continuous measurements typically assigned to a NASA center for Imple- 
mentation) and the Earth System Science Pathfinder (ESSP) mission line (i.e., exploratory measurements 
that are competed community-wide). The committee considers all of the recommended missions to be 
strategic in nature, but recognizes that some of the less complex and less technically challenging missions 
could be competed rather than assigned. The committee notes that historically the broader Earth science 
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research community's involvement in space-borne missions has been almost exclusively in concert with 
various implementing NASA centers. Accordingly, the committee advises NASA to seek to implement the 
recommended set of missions as part of one strategic program, or mission line, using both competitive and 
noncompetitive methods to create a timely and effective program. 

The observing system envisioned here will help to establish a firm and sustainable foundation for Earth 
science and associated societal benefits in the year 2020 and beyond. It can l>e achieved through effective 
management of technology advances and international partnerships, and through broad use of space-based 
science data by the research and decision-making communities. In l(x)king beyond the next decade, the 
committee recognizes the need to learn from implementation of the 1 7 recommended missions and to 
efficiently move seled research observations to operational status. These steps will create new space-based 
observing opportunities, foster new science leaders, and facilitate the implenientation of revolutionary 
ideas. With those objedives in mind, the committee makes the following recommendation: 

Recommendation: U.S. civil space agencies should aggressively pursue technology development that 
supports the missions recommended in Tables ES.I and E$.2; plan for transitions to continue demonstra- 
bly useful research observations on a sustained, or operational, basis; and foster innovative space-based 
concepts. In particular: 

• NASA should increase investment in both mission-focused and cross-cutting technology devel- 
opment to decrease technical risk in the recommended missions and promote cost reduction across 
multiple missions. Early technology-focused investments through extended mission Phase A studies are 
essential. 

• To restore more frequent launch opportunities and to facilitate the demonstration of innovative 
ideas and hi^er-risk technologies, NASA should create a new Venture class of low-cost research and 
application missions (~$100 million to $200 million). These missions should focus on fostering revolu- 
tionary innovation and on training future leaders of space-based Earth science and applications. 

• NOAA should increase investment in identifying and facilitating the transition of demonstrably 
useful research observations to operational use. 

The Venture class of missions, in particular, would replace and be very different from the current 
ESSP mission line, which is Increasingly a competitive means for implen>enting NASA's strategic missions. 
Priority would be given to cost-effective. Innovative missions rather than those with excessive scientific 
and technological requirements. The Venture class could include stand-alone missions that use simple, 
small instruments, spacecraft, and launch vehicles; more complex instruments of opportunity flown 
on partner spacecraft and launch vehicles; or complex sets of Instruments flown on suitable sulx>rbltal 
platforms to address focused sets of scientific questions. These missions could focus on establishing new 
research avenues or on demonstrating key application-oriented measurements. Key to the success of such 
a program will be maintaining a steady stream of opportunities for community participation In the devel- 
opment of innovative ideas, which requires that strict schedule and cost guidelines l>e enforced for the 
program participants. 

TURNING SATELLITE OBSERVATIONS INTO KNOWLEDGE AND INFORMATION 

Translating raw observations of Earth into useful information requires sophisticated scientific and 
applications techniques. The recommended mission plan is but one part of this larger program, all ele- 
ments of which must be executed if the overall Earth research and applications enterprise is to succeed. 
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13 


The objective Is to establish a program that Is effective in Its use of resources. Is resilient in the face of the 
evolving constraints within which any program must operate, and is able to embrace new opportunities as 
they arise. Anxing the key additional elements of the overall program that must l>e supported to achieve the 
decadal vision are (1 ) sustained observations from space for research and monitoring, (2) surface-based and 
airborne observations that are necessary for a complete observing system, (3) nxKlels and data assimilation 
systems that allow effective use of the observations to make useful analyses and forecasts, and (4) planning 
and other activities that strengthen and sustain the Earth ol)servatlon and Information system. 

Obtaining observations that serve the full array of science and societal challenges requires a hierarchy 
of measuren>ent types, ranging from first-ever exploratory n>easurements to long-term, continuous n>ea- 
surements. Long-term observations can be focused on scientific challenges (sustained observations) or on 
specific societal applications (operational measurements). There is connectivity between sustained research 
observations and operational systems. Operational systems perform forecasting or monitoring functions, 
but the observations and produds that result, such as weather forecasts, are also useful for many research 
purposes. Similarly, sustained observations, although f<x:used on research questions, clearly include an 
asped of monitoring and may be used operationally. While exploratory, sustained, and operational n>ea- 
surements often share the need for new technology, careful calibration, and long-term stability, there are 
also important differences among them; exploratory, sustained, and operational Earth observations are 
distind yet overlapping categories. 

An efficient and effedive Earth observation system requires a continuing interagency evaluation of 
the capabilities and potential applications of numerous current and planned missions for transition of 
fundan^ental science missions Into operational observation programs. The committee is parf/cu/ar/y con- 
cerned about the lack of clear agency responsibility for sustained research programs and the transitioning 
o/'proo/'-ot-concepf measurements into sustained measurement systems. To address societal and research 
needs, both the quality and the continuity of the measurement recr)rd must l>e ensured through the transi- 
tion of short-term, exploratory capabilities Into sustained observing systems. Transition failures have been 
exhaustively described in previous reports,'** whose recommendations the present committee endorses. 

The elimination from NPOESS of requirements for climate research-related n>easuremenls Is only the 
most recent example of the nation's failure to sustain critical n>easurements. The committee notes that 
despite NASA's involvenrent In climate research and Us extensive development of measurement technology 
to make climate-quality n>easurert>ents, the agency has no requirement for extended measurement missions, 
except for ozone measuren>ents, which are explicitly mandated by Congress. The committee endorses the 
recommendation of a 2006 National Research Council report that slated, "NASA/SMD (Science Mission 
Directorate) should develop a science strategy for obtaining long-term, continuous, stable observations 
of the Earth system that are distinct from observations to meet requirements by NOAA in support of 
numerical weather prediction."'^ 

The committee Is concerned that the nation's civil space institutions (including NASA, NOAA, and 
uses) are not adequately prepared to meet society's rapidly evolving Earth information needs. These 
institutions have responsibilities that are in many cases mismatched with their authorities and resources: 
institutional mandates are Inconsistent with agency charters, budgets are not well matched to emerging 
needs, and shared responsibilities are supported inconsistently by n>echanisms for c(M)peration. These are 
Issues whose solutions will require action at high levels of the federal governn>ent. Thus, the committee 
makes the following recommendation: 


'■^NRC, Front Rosoditit lo Ofjordtkms in Wt'dltuv Satntlitei and Numerical tV<«f/K?r Predk'lion: Crosiktg ifto Vdllcy of Dodlh, 
Naiiooal Acaftemy Press.. Washington, IXC., 2000, and NRC. Saie^lite Observations of the tarth's Invironment: Accelerating the 
Transitkm of Rt'searcb Oporatkms, Ttie National Acaciomies Press, Wastiington, D.C., 2003. 

* 5nRC. 'A Review NA.SA's 2006 Draft Science Plan: Letter Report," The National Academies Press, Washington, D.C., 2006, p. n. 
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EARTH SCIENCE AND APPLICATIONS FROM SPACE 


Recommendation: The Office of Science and Technology Policy^ in collaboration with the relevant 
agencies and in consultation with the scientific community, should develop and implement a plan for 
achieving and sustaining global Earth observations. This plan should recognize the complexity of differing 
agency roles, responsibilities, and capabilities as well as the lessons from implementatbn of the Landsat, 
EOS, and NPOESS programs. 

The space-b«ised observations recommended by the committee will provide a global view of many 
Earth system prcKesses. However, satellite observations have limited spatial and temporal resolution and 
hence do not alone provide a picture of the Earth system that is sufficient for understanding all of the key 
physical, chemical, and biological processes. In addition, satellites do not directly observe many of the 
changes In human societies that are affected by, or will affect, the environment. To build the requisite 
knowledge for addressing urgent societal issues, data are also needed from suborbital and land-based 
platforms, as well as from socio-demographic studies. The committee finds that greater attention is needed 
to the entire chain of observations from research to applications and benefits. Regarding complementary 
observations, the committee makes the following recommendations: 

Recommendation: Earth system observations should be accompanied by a complementary system of 
observations of human activities and their effects on Earth. 

Recommendation: Socioeconomic factors should be considered in the planning and implementation of 
Earth observation missions and in developing an Earth knowledge and information system. 

Recommendation: Critical surface-based (land and ocean) and upper-air atmospheric sounding networks 
should be sustained and enhanced as necessary to satisfy climate and other Earth science needs in addi- 
tion to weather forecasting and prediction. 

Recommendation: To facilitate the synthesis of scientific data and discovery into coherent and timely 
information for end users, NASA should support Earth science research via suborbital platforms: airborne 
programs, which have suffered substantial diminution, should be restored, and unmanned aerial vehicle 
technology should be increasingly factored into the nation's strategic plan for Earth science. 

Myriad steps are necessary for providing quantitative information, analyses, and predictions for 
important geophysical and socioeconomic variables over the range of needed tirrw scales. The value of 
the recommended missions can be realized only through a high-priority and complementary focus on 
nKxleling, data assimilation, data archiving and distribution, and research and analysis.^^ To this end, the 
committee makes the following recommendations: 


l^NASA’s research and analysis (R&A) program lias cusiomarily supplied funds for cniiancing fundamcnial undorsiandii^g in a 
discipline and stimulating the quesiioits from which new scientific investigations flow. K&A studies also enable conversion of raw 
instrument data into fields of geophysical variables and are an essential component in support of the research required to convert 
data analyses to treixls. processes, and improvements in simulation models. Iliey are likewise necessary for improving calibrations 
and cvaluaiirtg the limits of both remote aixf in situ data. Without adequate K&A, the large and complex task of acquiring, process- 
ing, ar>d archiving geophysical data would go for luught. rinally, the next generation of farih scientists — the graduate students in 
universities— arc often educated by performing research that hasoriginatod in R&A efforts. See NRC. fart/t Observat/orrs rironiSpacc; 
History. Promise, and Rcatily (Executive SununaryK National Academy Press, Washington. D.C., 1995. 
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EXECUTIVE SUMMARY 15 

Recommendations: 

• Teams of experts should be formed to consider assimilation of data from multiple sensors and all 
sources, including commercial providers and international partners. 

• NOAA, working with the Climate Change Science Program and the international Croup on Earth 
Observations, should create a climate data and information system to meet the challenge of ensuring 
the production, distribution, and stewardship of high-accuracy climate records from NPOESS and other 
relevant observational platforms. 

• As new Earth observation missions are developed, early attention should be given to developing 
the requisite data processing and distribution system, and data archive. Distribution of data should be 
free or at low cost to users, and provided in an easily accessible manner. 

• NASA should increase support for its research and analysis (R&A) program to a level commen- 
surate with its ongoing and planned missions. Further, in light of the need for a healthy R&A program 
that is not mission-specific, as well as the need for mission-specific R&A, NASA's space-based missions 
should have adequate R&A lines within each mission budget as well as mission-specific operations and 
data analysis. These R&A lines should be protected within the missions and not used simply as mission 
reserves to cover cost growth on the hardware side. 

• NASA, NOAA, and USCS should increase their support for Earth system modeling, including provi- 
sion of high-performance computing facilities and support for scientists working in the areas of modeling 
and data assimilation. 

SUSTAINING AN EARTH KNOWLEDGE AND INFORMATION SYSTEM 

A successful Earth information system should be planned and implemented around long-term strate- 
gies that encompass the life cycle from research to operations to applications. The strategy must include 
nurturing an effective workforce. Informing the public, sharing in the development of a robust professional 
community, ensuring effective and long-term access to data, and much more. An active planning pr(x.ess 
must be pursued that focuses on effectively implementing the recommendations for the next decade as 
well as sustaining and building the knowledge and information system beyond the next decade. 

Recommendation: A formal interagency planning and review process should be put into place that focuses 
on effectively implementing the recommendations made in the present decadal survey report and sustain- 
ing and building an Earth knowledge and information system for the next decade and beyond. 

The training of future scientists who are needed to interpret observations and who will turn measure- 
ments into knowledge and information is exceedingly important. To ensure that effective and productive 
use of data is maximized, resources must be dedicated to an education and training program that spans a 
broad range of communities. A robust program that provides training in the use of these observations will 
result in highly varied societal benefits. Including improved weather forecasts, more effective emergency 
management, better land-use planning, and so on. 

Recommendation: NASA, NOAA, and USCS should pursue innovative approaches to educate and train 
scientists and users of Earth observations and applications. A particularly important role is to assist 
educators in inspiring and training students in the use of Earth observations and the information derived 
from them. 
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Senator Peters. Thank you, Mr. Chairman. 

A quote from it is that it noted that the Bush-era reductions in 
Earth Science funding were having a “disastrous consequence on 
Earth observation record.” So it seems as if we are trying to correct 
what the National Academy of Sciences, and I know the Chairman 
has mentioned that he wants science to drive our process here, 
which makes sense to have it. But here we have the foremost ex- 
perts in science in our country saying that the cuts that we saw 
in Earth Sciences were disastrous in the Bush era. 

So I would assume that you are taking a look at those types of 
reports from our experts and are addressing that. So how does this 
year’s requested increase in Earth Science funding address the pri- 
orities that you see coming from the scientific community? 

Mr. Bolden. Senator Peters, I think you know very well we are 
guided, particularly in the science arena, by the input of the ex- 
perts, dominantly by what we call decadal surveys. They are stud- 
ies by learned people in specific areas that come from the National 
Research Council, and they give us guidance. It’s not mandatory, 
but they give us guidance on how we should put our emphasis. 

So if you look at all of our programs, whether it’s in heliophysics, 
planetary science. Earth science, or the others, we’re generally try- 
ing to do what the experts say NASA should be putting its focus 
on. And you’re absolutely right, across the board we’re really trying 
to get the science community back up to the levels of spending of 
prior years, and that can’t all be done at one time. 

So we take what seems to be the most important things told to 
us by the scientific community, put our focus on that, and also we 
try to look at things that are going to contribute ultimately, going 
back to Senator Cruz’ comment to everything that we do. If there 
is a choice to be made, we try to put our focus on what is going 
to enable us to get humans to Mars. As I said before, when you 
look at science, areas like heliophysics, areas like planetary 
science, areas like Earth Science are all critical in providing data 
that helps us to speed our way to Mars. 

We’re looking at radiation. We’re looking at the sun because it 
determines the time of year or the time when you want to launch 
a human on a mission that’s going to take eight months. So it’s im- 
portant for us to look at all that, and it’s unfortunate that people 
tend to want to talk about one versus the other. 

We are at a time in the agency when we work more syner- 
gistically across our mission directorates. Science helps exploration. 
Exploration helps science. Technology development is absolutely 
critical because the most important risks that I have to draw down 
are risks that deal with technology that we don’t have today, and 
that’s why we asked for the increased funding for technology devel- 
opment that we’ve not been able to get. 

So it is absolutely critical that the Committees and the Congress 
trust NASA and some pretty smart people. You ask us to be your 
experts, and I consider myself to be the Congress’ subject-matter 
expert when it comes to exploration science and aeronautics. If I’m 
not doing that well, you ought to fire me, to be quite honest. 

Senator Peters. Well, it’s clear from your answer how science is 
driving us, including observations of the Earth and the practical 
applications. I think we’re going to talk about it later. Hopefully 
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we’ll have time to talk about certainly the spillovers of the work 
of NASA into economic development and small business, but other 
areas of making sure we’re studying our planet have very strong 
economic consequences, particularly, for example, in agriculture. 

I know NASA funds the Global Observatory for Ecosystem Serv- 
ices that’s used extensively by a university in my state, Michigan 
State University, the first land grant university in the country, a 
leader in agricultural sciences. They collect data from LANDSAT 
satellites and distribute those to scientists, educators, and users 
around the world, and have significant applications when it comes 
to the agricultural community in this country that relies on that 
kind of information to plan and to do things related to increasing 
agricultural production. 

Are there other areas like that that you see as incredibly impor- 
tant in terms of just our day-to-day commercial activities here on 
our planet? 

Mr. Bolden. Yes, sir, there are. We just recently completed a 
conference, a meeting with policymakers and others in the states 
of California and Nevada about water, water resources, and letting 
them know how our Earth Science assets were available to help 
them understand how to utilize the limited water that’s available, 
to give them hints about drought and flood cycles. I mentioned to 
Senator Cruz the Texas Soil Observation Network. 

Texas is a big state, and Texas has probably the fewest organic 
ways to measure things like soil moisture. Due to the fact that we 
launched the Soil Moisture Active-Passive mission just recently, 
something we call SMAP, we now are able to measure very accu- 
rately soil moisture in every state of the union and around the 
globe, and that is becoming essential data to the people in Texas 
in their water resources management. 

Whether you’re talking about farmers or ranchers, you want to 
maximize crop yield. So we need to be able to tell them how to get 
more efficiently and effectively water into their particular areas. So 
those are the kinds of things that I would hope people would not 
overlook when you talk about what we do in Earth Science. It’s 
really about making life better for people on this planet. 

Senator Peters. Thank you, Mr. Bolden. Another question for 
you, if I may. 

Since the end of the Shuttle program in 2011, the United States 
has relied on the Russian Soyuz for crew transportation to the 
International Space Station. The Soyuz cost, it’s my understanding, 
has risen from $25 million per seat in 2010 to now more than 
$76M for us to take a ride on the Soyuz up to the Space Station. 
NASA will have paid Russia over $2. IB by the time domestic pro- 
viders Boeing and SpaceX are able to launch their astronauts in 
2017. 

If you could elaborate for us, please, on how failing to fully fund 
the $1.2 billion request for commercial crew program affects the 
Space Station program, and more specifically our continued de- 
pendence on the Russians. 

Mr. Bolden. Senator, because we are now operating on two firm 
fixed-price contracts with Boeing and SpaceX, any amount short of 
the $1.2B that we requested will mean we will have to reduce the 
milestones that the two manufacturers accomplish. We can’t pick 
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one over the other. We’re contractually obligated to both. So it will 
mean both will be slowed down and we won’t make 2017. 

That will mean that we’ll have to go back and rely on the Rus- 
sians continually to provide transportation for our crews, so that 
puts us at risk, as came out in my hearing with the House Appro- 
priations Committee, when we have to depend on someone else to 
get our crews to the International Space Station. We have a great 
relationship. I’m not worried, but I would feel much better if I 
knew I was dependent on two American companies. 

Senator Peters. Well, I think we would all agree with you. 
Thank you so much. 

Mr. Bolden. Thank you very much. 

Senator Cruz. Thank you very much. 

Senator Gardner? 

STATEMENT OF HON. CORY GARDNER, 

U.S. SENATOR FROM COLORADO 

Senator Gardner. Thank you, Mr. Chairman. 

And thank you. Administrator Bolden, for your time and testi- 
mony today. 

It has been an interesting conversation, but I do think it merits 
kind of focusing back in on what we believe NASA’s core mission 
to really be. 

Now, you mentioned that NASA’s core mission going back to the 
1950s, looking at the organic legislation to create the legislation, I 
kind of want to go there. We talked about water management in 
California. We talked about the Texas soil management system. 

I’m sorry. Chairman, I’m not as familiar with the Texas soil 
management perhaps as I should be. But I want to just ask a cou- 
ple of questions. 

Is there any other agency or department in the Federal Govern- 
ment who is sending Rovers to Mars? There’s not. 

Mr. Bolden. No, sir. There is no other nation that has a Rover. 

Senator Gardner. Are there any other agencies that are looking 
at soil in Texas? 

Mr. Bolden. I would hope so, but I 

Senator Gardner. Are there any other agencies 

Mr. Bolden. We collaborate with 

Senator Gardner. Are there any other agencies that are tasked 
with sending Orion, which you said performed flawlessly 

Mr. Bolden. Senator, I get your drift, but 

Senator Gardner. Drift is a good point, because that’s exactly 
what I want to talk about. 

Mr. Bolden. Senator 

Senator Gardner. Because it seems to me that NASA perhaps 
has drifted away from its core mission, and I’m concerned about 
that. We have so many other agencies and departments that are 
looking at our soil sciences and our water management. And I un- 
derstand the importance of going to space and putting a satellite 
and looking down and measuring and monitoring what we can do, 
but I am concerned that when we talk about how we’re going to 
have a future of robots on Mars, that we’re not funding the Oppor- 
tunity Rover on Mars in the 2016 budget. So I just want to ask a 
few questions. 
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In 2010, President Obama went to the John F. Kennedy Space 
Center, and he committed to a manned mission to Mars, correct? 

Mr. Bolden. Yes, sir. 

Senator Gardner. On December 5, 2014, Orion launched atop a 
ULA Delta-4 heavy rocket, the Orion-4 Flight Test, and you said 
it, I think — I wrote it down, because I think we tweeted it al- 
ready — Orion performed flawlessly. 

Mr. Bolden. And some people say near flawlessly. 

Senator Gardner. Near flawlessly, OK. I’ll take the flawless. 

Mr. Bolden. I’ll take the flawless. 

Senator Gardner. A two-orbit, 4-hour flight that tested many of 
the systems most critical to safety, launch, high-speed reentry sys- 
tems, avionics, altitude control, you name it. It was a success. You 
called it flawless. 

Would you consider Orion and SLS instrumental in achieving a 
manned mission to Mars? 

Mr. Bolden. They’re absolutely essential. Senator. And I would 
also say, again, sort of as I talked to Senator Cruz about being 
careful when you draw something out and talk about that one 
thing singularly, there is, to my knowledge — and I will have to take 
this for the record, but to my knowledge, there is only one agency 
of the Federal Government that develops the instruments, launches 
the satellites and the like that explore our planet, to the extent 
that we do, and that’s NASA. 

[The information requested follows:] 

NASA is the Nation’s civil space agency. As such, NASA (among other activities) 
designs, procures, develops, and launches Earth monitoring spacecraft that provide 
critical space-based observations of our planet. Data from NASA Earth-observing re- 
search satellites is made available rapidly (often in near-real time), and thus is 
often used by other Federal agencies with “operational missions” to improve their 
operational products, such as weather predictions and disaster response planning 
and execution. In addition to other Federal agencies, state and local governments 
and other organizations routinely use NASA research data for applied and oper- 
ational purposes. 

NASA solicits and funds a broad suite of research studies to improve our under- 
standing of the Earth and its processes as an integrated system, using measure- 
ments from NASA research satellites and also operational and research satellites 
from partner agencies and international partners. NASA researchers also develop 
and demonstrate application products — based on the measurements of the space- 
borne constellation and the understanding gained from the research program — that 
deliver direct societal benefit and strengthen our Nation. Because of its unsurpassed 
technical and systems engineering expertise and its role as the Nation’s civil space 
agency, “operational” agencies such as NOAA have utilized NASA services to de- 
velop and implement spaceborne Earth observation satellites in support of their 
missions. 

So, if we did not do it, many of the satellites that NOAA oper- 
ates, once we get them in orbit and hand them off to them, they 
become NOAA satellites, not NASA satellites. But because we have 
the expertise, like the Jet Propulsion Lab, Goddard Space Flight 
Center, and our contractors, when you talk about sensors, there are 
not a lot of people in the world who do the stuff that our people 
do when you talk about sensors. 

So if we stop doing it, it doesn’t mean that’s why I think it’s core, 
because if you take Earth Science out of NASA, the Nation loses 
its dominant capability to do the types of Earth Science investiga- 
tions that this Nation does. 
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So I just caution that if we’re going to talk about core things and 
things that only NASA does, you really do need to look at 
LANDSAT. NASA does not own LANDSAT. LANDSAT belongs to 
the Department of the Interior. But if it were not for NASA pro- 
ducing the LANDSAT satellite because of the expertise that we 
have in developing the instruments, there would be no LANDSAT. 
That’s a 40-year continuous program. 

If you took that away from NASA, we would not have it, the Na- 
tion would not have it. Right now, the Department of Defense is 
really hurting for weather satellites. NOAA was really hurting for 
weather satellites a few years ago when we were putting together 
a program that was ultimately canceled called NPOESS that was 
going to be a joint NASA-NOAA-DOD weather satellite. It was fi- 
nally canceled because the cost had gotten out of hand, we just 
weren’t getting anywhere close. 

NASA, because we are always looking at newer, more state-of- 
the-art sensors, had developed sensors that we put on a satellite 
that was called NPOESS Preparatory Project, NPP. NPP is now a 
major weather satellite for NOAA and the National Weather Serv- 
ice that was not supposed to be a weather satellite. If NASA had 
not done that, this nation and other people around the world would 
not be able to do the things that they do about understanding the 
climate, predicting hurricanes and tornadoes, which we can’t pre- 
dict. 

But, I just caution people about saying, OK, NASA shouldn’t be 
doing this. We are the core producers of instruments and satellites 
that look at this planet. We’re better than anybody else in the 
world, and if you took that out of NASA, you’ve got to put it some- 
where, and there are other agencies that do not have that. 

We are known for our program management capability. That’s 
why everybody comes to us to get satellites. I think if you talk to 
Dr. Sullivan over in NOAA, if you talk to any of the secretaries 
about where they would go to get a good satellite, hopefully they 
would tell you they’d come to us. 

Senator Gardner. Well, given the comments that you made 
about President Obama’s commitment to the manned mission to 
Mars, given your comments about the Orion SLS being instru- 
mental in the manned Mars mission, I still don’t understand why 
we have seen a reduction, then, in the Orion program from 2015 
to 2016, the SLS program from 2015 to 2016. There’s no doubt 
about it that I support science and research funding, but I also 
support identifying priorities and funding priorities. 

So I’m very concerned that this budget document, the document 
that Senator Cruz put forward in a chart. Chairman Cruz put for- 
ward in a chart about what NASA’s priorities are, where they’re at, 
and really if we’re seeing the kind of drift that is going to make 
our mission the core mission that I believe it should be, difficult 
to reach. 

The budget request for Earth Science put a little number to this 
41 percent increase. For Fiscal Year 2016, it is $1.95B, a lot of sys- 
tems monitoring Earth, multiple agencies supporting Earth 
Sciences. But we are without the basic required system to send pio- 
neers to Mars. 
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So, a 41 percent increase, but yet NASA, the only agency, the 
only part of our government that is working on sending people out 
there, doesn’t have the basic capacity to do that, while we’re de- 
creasing and increasing our sciences. 

So, I know I’m running out of time, but I’m concerned with the 
small amount of money that we’ve allocated to our mission that’s 
been endorsed by the President. 

Mr. Chairman, I’ll yield back to you. 

Mr. Bolden. Senator, may I make a comment? Again, I want to 
make a slight correction. You are absolutely correct that we don’t 
have everything that we need to get humans to Mars. That is not 
in human exploration. That is in space technology. This agency and 
this President have been requesting — we requested a billion dollars 
when I became the NASA Administrator to establish a Space Tech- 
nology Mission Directorate because the things that we’re missing 
in being able to effectively and safely send humans to Mars, the 
majority of that is not done in the Human Exploration Mission Di- 
rectorate. I need it to be done in the Space Technology Mission Di- 
rectorate, and that’s not funded efficiently. 

Senator Gardner. So why not fund the Mars Opportunity Rover 
in the 2016 budget? 

Mr. Bolden. Mars Opportunity Rover, Senator, we are getting 
incredible data from Mars through Curiosity, through Opportunity. 
We’re getting ready to send InSight. We cannot continue to operate 
instruments and missions whose time has passed because I won’t 
be able to put something like Insight on Mars in 2016 that, for the 
first time ever, is going to core deeper into the surface of the plan- 
et. I don’t have a Rover that can do that today. 

I have to make choices. Hopefully, you trust me. Senator, my 
choice since becoming the NASA Administrator was to put $49B on 
human spaceflight and $11B on Earth Science — $498M. I’m sorry. 
Thank you — $498M on human spaceflight and $11B on Earth 
Science. 

Now, if you put that on a chart, the science community is going 
to kill me because that was the fear when I became the NASA Ad- 
ministrator, that I was going to put $498B on human spaceflight 
and I was going to put some measly amount into science. I have 
tried not to do that. I have tried to focus this agency on all the 
things it’s important for us to do. 

So I think the balance overall is good — $498B for human 
spaceflight, $11B for Earth Science. I think that’s a fair allocation 
for funds on the part of this Administration and this agency, and 
it’s unfortunate that everyone doesn’t recognize the fact that we’ve 
done that. That’s significant. 

Senator Gardner. Mr. Chairman, you’ve been more than gen- 
erous with the time. 

Mr. Bolden. Human space flight dwarfs what we’ve been doing 
in other areas. 

Senator Cruz. Senator Nelson? 

Senator Nelson. Senator Gardner, every now and then we have 
to put on the green eyeshades and get into the budget. The Presi- 
dent’s proposed budget, which you can disagree with, is a 10 per- 
cent increase in Earth Science. It is, from $1,773 billion, a $175 
million increase. That’s about 10 percent. 
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Now, if you want to solve the problem of what you’re talking 
about, of going to Mars and ramping it up, then what we need is 
more than the President’s request of a half-billion-dollar increase 
for NASA. We could pour the juice, like we did in the Apollo pro- 
gram, where the Nation’s space budget was more like 5 percent of 
the entire Federal budget instead of the existing NASA budget 
being less than a percent of the total Federal budget, and you will 
certainly find this senator supporting you in that. 

What I have tried so hard to do in the past several years, in 
what little bit of influence I have in this committee, is to keep it 
bipartisan. The history of this committee was that it should never 
have even been bipartisan. It was non-partisan, and that’s what 
NASA was. And yet, in the past couple of years, we got into these 
flaps over the sequester, and all of the senators on your side before 
you arrived were voting to cut the NASA budget by $1.5 billion 
from the President’s request in 2015, which would have absolutely 
eviscerated this little agency. 

Thank goodness we are to the point now that we are talking 
about this core mission and trying to explore the heavens and real- 
izing that space flight is not cheap. 

I would also point out to my colleague from Texas that he and 
I are from Gulf states, and on June 1st hurricane season starts, 
and we are so dependent upon the protection from those natural 
disasters that plague the shores of our respective states by being 
able to have the advanced warning by virtue of the accurate pre- 
dictions of the weather satellites. 

And as the Administrator says, NASA builds them and then 
turns them over to NOAA. And then coming up, here we’ve got the 
Global Participation Measurement, GPM. These are current Earth 
Science missions. What does it do? It predicts extreme weather 
events. The ISS RapidScat, it gives weather forecasting and storm 
tracking. And then I’ll just give you one more. We talked about Soil 
Moisture Active Passing. That’s SMAP that the Administrator al- 
ready talked about, weather forecasting. 

All of these things, if you would look behind what appears to be 
on the surface and get in, and where you have a disagreement, I 
want to hear about it. But I don’t think, and I certainly don’t think 
the Chairman of the Subcommittee has a disagreement with trying 
to get accurate weather forecasting 

Senator Gardner. And if you listen to my comments. I’m not 
talking about that either. I’m just talking about are we focusing on 
the heavens in NASA or are we focusing on dirt in Texas? So that’s 
what I want to talk about, and I think that’s the point of this dis- 
cussion, and I think it’s talking about how we can make sure that 
we’re allowing NOAA to do the work that it’s doing in weather, and 
allowing NASA to look at Mars, and allowing our agencies to work 
together to predict weather. Certainly Colorado has had its fair 
share of terrible, terrible and tragic weather events, and that’s 
something that we have to fund, and we will continue to do that. 
I’m just trying to figure out where the proper role and the proper 
mission lies in government. 

But I’ll remind, too, that the sequester was a bipartisan accom- 
plishment. Whether or not we like it and want to change it, it was 
bipartisan. 
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Senator Nelson. Well, fortunately, the sequester, thanks to Sen- 
ator Shelby, did not happen on NASA, or else we would be way be- 
hind and we wouldn’t be talking about launching Americans on 
American rockets in 2017. And, by the way. I’m still hopeful that’s 
going to be 2016. The two companies that are competing, Boeing 
and SpaceX, still think they can make 2016 for the first American 
riding the rocket. I am not applying. 

Mr. Chairman, I want to get down in the weeds and ask the Ad- 
ministrator a technical question. 

Mr. Administrator, we’re thinking on the SLS that we’re going 
to have the upper stage as a Delta-4. And yet, because of this sen- 
ator and others, such as Senator McCain and I were the authors 
in the defense authorization bill saying America has got to start 
changing its rocket engines from the Russian rocket engines, the 
RD-180, and notably the SLS will use the Delta-4 upper stage as 
a stopgap until an upper stage suitable for deep space missions can 
be developed. 

So are we spending wise money human-rating the Delta-4 as an 
interim upper stage when later on we might be shifting to another 
upper stage that we’re going to develop? I know that’s a question 
down in the weeds, but we need to look at that. 

Mr. Bolden. Yes, sir. Senator, we are looking at what we call 
the Exploration Upper Stage, and it is our intent that as we go 
along, as I talked about, we’re looking at the total program. We 
would prefer to have the Exploration Upper Stage be the vehicle 
of choice, if you will, and just have to certify that vehicle. But 
again, because we’re looking at the funding available for the EM- 
1 for the very first flight of the integrated system, we’re going to 
fly with what we call the Interim Cryogenic Propulsion Stage, 
which is the Delta-4 upper stage. But eventually we will work our 
way to a single Exploration Upper Stage. 

Senator Nelson. And as you all develop your out-year budgets, 
do you anticipate that ULA’s plans to phaseout the Delta-4 in 2018 
is going to effect the cost and the risk of the SLS program? 

Mr. Bolden. Senator, I’m not aware of ULA’s decision in that re- 
gard, to be quite honest. What I am aware of is the fact that we, 
along with the Department of Defense, are looking for a way to get 
the U.S. off reliance on engines and launch vehicles that depend on 
engines from other nations. But I don’t have any information that 
talks about when or if ULA is going to phaseout the Delta-4. I’m 
sorry. 

Senator Nelson. And that’s why I bring it up, because of what 
we put in the defense budget about the RD-180 and developing a 
follow-on engine to the RD-180, which is the main engine in the 
Atlas-5. I would hope that there is opportunity for NASA to work 
with DOD on a propulsion system that benefits both defense and 
civil space, particularly with regard to the SLS’s Advanced Booster 
upgrade. 

Mr. Bolden. Yes, sir. Senator, we work with DOD continually. 
There is an organization that’s headquartered in the Marshall 
Space Elight Center called the National — I knew I shouldn’t have 
said this. It’s NIRPS, and I will take it for the record to get some- 
one to tell us what NIRPS stands for. [National Institute for Rocket 
Propulsion Systems] But it’s an interagency propulsion study 
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group, and much of our work emanates right there where we’re 
talking with the DOD and NASA and others about what the nation 
needs. 

What the Nation needs is a new launch system, and my caution 
would be don’t focus on the engine because engines on rockets don’t 
work like people think. You don’t go get a new engine and stick it 
on a rocket. You have to have an integrated system. 

So I think what the Air Force secretary has said. Secretary 
James has probably said, if I remember correctly, is what they’re 
looking at is a new launch system for this nation, which would in- 
clude a new American-made rocket to go with the American-made 
body. But launch systems are systems, are integrated systems. 

As a matter of fact, when you talked about human-rating the 
upper stage, it’s not the upper stage that we human rate. It’s the 
launch system that includes the upper stage. So we human-rate 
SLS, Orion, and the upper stage as an acceptable human-rated 
launch system, and if we change any component, we’ve got to go 
back in and re-rate it. 

So my only caution there is don’t get hung up on the engine but 
focus on the integrated system because that’s what the Nation 
needs. 

Senator Cruz. Administrator Bolden, in your exchange with Sen- 
ator Gardner, you told this committee that NASA in your tenure 
had spent $498B on human spaceflight. Now, politicians are fa- 
mously bad at math, but I just did some quick back-of-the-envelope 
analysis, and NASA’s budget is about $18B. You’ve been adminis- 
trator seven years. That’s $126B. So I assume you must have 
misspoken because that’s over 300 percent the total budget of 
NASA for your tenure. 

Mr. Bolden. That’s what I said. I am now told by my staff that 
I was right when I gave you the first number, which was $49B, so 
I misspoke. You’re right. 

Senator Cruz. I assumed it must have been. 

Mr. Bolden. You’re absolutely right. 

Senator Cruz. I just wanted to clarify the record. 

Mr. Bolden. You’re absolutely right. 

Senator Cruz. That $498B, the math was not adding up if that 
number 

Mr. Bolden. I’m a pilot, a Marine pilot. I should have known 
that. 

Senator Cruz. Sadly, Congress for some time has demonstrated 
an inability to distinguish between millions and billions, so you’re 
in good company here. 

Mr. Bolden. Yes, sir. 

Senator Cruz. I want to note, you have spent a great deal of time 
at this hearing defending the importance of Earth Sciences, defend- 
ing the importance of weather observation. I think everyone would 
agree with that. There’s no one at this hearing that disagrees that 
we need to observe what’s happening with our weather — that we 
need to know more and have weather satellites. 

I would note, though, that Senator Gardner’s questions I think 
were quite accurate. NASA’s core competence is not Texas soil con- 
servation. Now, I’m a Texan. I love our Texas soil. But there are 
a lot of people studying Texas soil. We’ve got a whole U.S. Depart- 
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ment of Agriculture that spends a lot of time and energy studying 
the soil in Texas and everywhere else. 

That ain’t what makes NASA special. And I have to say, if NASA 
ever becomes the place to study Texas soil, you’re going to lose a 
whole lot of bright new engineers who want to go explore the gal- 
axy. 

To my mind, that exchange underscored the central point I made 
at the outset of this hearing. It’s not that Earth sciences are not 
valuable, but in the last 6 years there has been a disproportionate 
increase. We’ve seen Earth Sciences increase 41 percent, and we’ve 
seen exploration and space operations, what should be the core 
mission, what NASA exists to do, decrease 7.6 percent. That, in my 
view, is disproportionate, and it is not consistent with the reasons 
so many talented young scientists have joined NASA. 

So it’s my hope that this committee will work in a bipartisan 
manner to help refocus those priorities where they should be, to get 
back to the hard sciences, to get back to space, to focus on what 
makes NASA special. I am hopeful that this subcommittee will 
move forward with the NASA reauthorization and that in that 
process, we will continue this discussion of getting back to the core 
priorities of NASA. 

With that. I’ll recognize Senator Peters for an additional round. 

Senator Peters. Thank you, Mr. Chairman. I would certainly fol- 
low on with that. 

It certainly is your core mission to go into space, but also aero- 
nautics, and as I mentioned in my opening comments, we have to 
look at your portfolio as very broad. You provide the tools to study 
deep space. You provide the tools to study Earth Science. So if 
you’re looking at others studying the soil of Texas or the soil in 
Michigan with Michigan State University, it’s NASA that provides 
those scientists with the tools that they need in order to do that 
because of your expertise of going into space. 

But I want to take this last question to talk about another one 
of your core missions, which is aeronautics, which is also closer to 
the Earth, but it has been part of your history. As I mentioned in 
my opening comments, NASA came out of an organization that was 
involved in aeronautics and advancing commercial fight here on 
Earth. If you look at commercial applications for your technologies, 
there’s probably no bigger bang to the taxpayers when it comes to 
your work in aeronautics. 

I appreciated in your opening comments talking about aero- 
nautics and the substantial contributions NASA makes to that in- 
dustry, which is a multi-billion-dollar industry here for the United 
States, and we want to continue to be the preeminent aeronautics 
country in the world, at least that’s certainly my desire and I hope 
others’ on the Committee as well. 

So I want to refer back to the National Academy’s report that I 
referenced earlier from 2012 which expressed concern at NASA’s 
lack of a dedicated flagship research aircraft. The committee noted 
that existing flight assets can’t achieve a sustained supersonic 
flight or low-boom design goals or demonstrate the system-level ca- 
pabilities of a highly fuel-efficient, low-noise aircraft. 

So, Administrator Bolden, given the incredible importance of the 
aviation industry to the United States economy and the increasing 
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investments being made by our international competitors who are, 
indeed, investing very heavily in this type of innovation, what does 
NASA need to keep America competitive in aeronautics, particu- 
larly with regard to low-boom supersonic transport, which is likely 
to be the future for flight across the globe? 

Mr. Bolden. Senator, if I can take the opportunity to kind of 
speak to both the comments that you and the Chairman have 
made, particularly about what is our core mission and how we in- 
spire people. I’m really proud to have Dr. Dava Newman, as Sen- 
ator Nelson mentioned earlier, here to hear most of this as the 
nominee to be the deputy. One of these days you all hopefully, if 
this committee sees to support her, you will have someone who can 
come before the Committee and speak with very much authority 
about what the next generation is interested in and what they 
need. 

I would advise that there is also — and I should not do this, prob- 
ably, but there is a supporting member sitting in the back row up 
there who is one of Dr. Newman’s former students who can speak 
to her qualifications. 

When we go out and talk to students, as we both do quite a bit, 
in areas of aeronautics, in areas of space science and Earth science, 
young men and women want to know that they will have a place 
to go, and they choose majors in colleges and universities based on 
what this Nation has said its priorities are. 

We are worried about young men and women not wanting to go 
into the field of aeronautics because they don’t see us doing what 
other nations in the world are doing. So your point about focusing 
on aeronautics is critical. 

We hope that we will see some young men and women decide 
that they want to get into the field of optics because that is a dying 
field in the United States, but that is one of the fields that supplies 
NASA’s ability to be the core provider for Earth imaging satellites, 
for Earth sensors and the like. 

Going back to Senator Cruz’s comment, we do not do Texas soil 
conservation. We provide instruments that provide data to the 
plethora of people who do Texas soil conservation. So I did not 
mean to mislead you. Senator, in thinking that NASA — we don’t do 
any of that. We teach people how to use the instruments that we 
create. We teach them how to use the data. I have scientists who 
travel around the world and help people learn how to create 
drought and flood models, for example, from the data that comes 
from NASA-provided satellites. 

We are not the decisionmakers. We are not the people who decide 
what’s good for one area or another. So I probably mislead the 
Committee if I gave you all the impression that that was what 
NASA Earth Science does. NASA Earth Science, like NASA 
Heliophysics, NASA Aeronautics and everything, going back to 
Senator Peters’ question, through our low-boom testing out at the 
Armstrong Flight Research Center over the last few years, we have 
given the FAA and industry optimism that we can, in fact, solve 
the problem of sonic booms that today create havoc for people on 
the ground, break windows, do all kinds of stuff, and we believe 
that we are on the verge of developing technology, vehicle design 
if you will, that will limit the impact of a sonic boom on Earth. It 
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will help to deflect it elsewhere, and that’s the whole concept be- 
hind low boom, our low-boom studies. 

Due to the work that we did with the U.S. Air Force, the U.S. 
Department of Defense, the Air Force Research Laboratory on in- 
advertent impact to the ground, which is one of the things that 
kills a large number of military pilots, we worked on an automated 
system that is now credited with the save of an Air Force F-16 in 
Syria. It uses an automated system to recognize that where the 
pilot is going, the trajectory is not good. It’s going to take him into 
a mountain or somewhere into the ground and they’re going to suf- 
fer another loss due to inadvertent impact with terrain. That’s the 
kind of work that we do, and that’s vital. 

So we need to have sufficient funding for aeronautics if we’re 
going to continue to do that kind of work, and that’s the point. I’m 
not asking for NASA’s budget to get back up to 4 percent of the 
Federal budget. That would be irresponsible on my part. But I am 
asking that we support the President’s budget as my team has laid 
out and recommended to the President and to this Congress, be- 
cause we think it’s the most balanced way to bring this nation 
what we need so that we maintain our leadership in space, science, 
exploration, technology, and everything. 

We are the world’s leader. But, boy, there are people nipping at 
our heels. So if I’m not allowed to balance our spending the way 
that we have done right now, we could very easily fall behind in 
some critical areas. 

I really get concerned when we focus on an individual piece, we 
focus like a laser on an individual part of a budget in an agency 
that is multi-missioned. You would change the agency if we 
stopped doing what we have done for more than 50 years today. 

Senator Cruz. Thank you very much. Administrator Bolden. 
Thank you for being here this morning. I think this hearing has 
been helpful. 

The hearing record will remain open for 2 weeks. During that 
time, senators are asked to submit any questions for the record. 

Upon receipt, Mr. Bolden, I would ask you to submit your writ- 
ten answers to the Committee as soon as possible if there are any 
additional questions. 

I want to thank you for being here this morning. 

And, with that, the hearing is now adjourned. 

[Whereupon, at 10:51 a.m., the hearing was adjourned.] 



APPENDIX 


Prepared Statement of Hon. Marco Rubio, U.S. Senator from Florida 

Thank you for your testimony Administrator Bolden. I am proud that Florida has 
such a rich history and relationship with NASA. From the earliest launches of rock- 
ets that established manned missions, to the Apollo program and the continued sup- 
port for the International Space Station, Florida is proud to take ownership in 
NASA’s past and will certainly be a part of its future. 

It is important that the Committee examine NASA’s plans for human exploration, 
including collaboration with international partners and commercial space interests- 
assets that can and should be used in the most effective manner to serve all teix- 
payers and advance America’s space competitiveness. 

NASA states that its vision is “to reach for new heights and reveal the unknown 
so that what we do and learn will benefit all humankind.” I certainly agree with 
this vision. But in order to achieve it, the agency must have a clear mission with 
a roadmap and timeline outlining how that mission will be accomplished. This clear 
mission should be firmly rooted in space exploration. 

Over the past several years, NASA has consistently increased the funding of earth 
sciences. While there may be admirable research being conducted in this area, I am 
greatly concerned that this large emphasis may detract from the mission and focus 
on NASA. I am interested in hearing more from the Administration on this topic. 

Also, I believe one of the best ways to promote the core mission of NASA is 
through continued support for our commercial partners. In Florida, for instance, 
commercial partners are seeking to use NASA facilities and purchase equipment 
that is underutilized and in need of maintenance. 

According to NASA’s Office of the Inspector General (OIG), NASA is the ninth 
largest Federal Government real property holder, with more than 124,000 acres and 
over 4,900 buildings and other structures with a replacement value of more than 
$30 billion. NASA’s annual operations and maintenance costs have steadily in- 
creased, and as of 2012, the Agency had over $2.3 billion in annual deferred mainte- 
nance costs. We should examine a way to alleviate these operations and mainte- 
nance costs in a way that complements the efforts of both NASA and the commercial 
space industry. 

Again, I believe that NASA and our space program are at their best when we 
have a clearly defined mission and goals that allows the agency and commercial in- 
dustry to advance American ingenuity and the boundaries of human discovery. It 
is imperative that we continue to have a funded robust space exploration program 
that promotes America’s economic, scientific, and security interests, and that effec- 
tively utilizes its resources. Thank you. 


Response to Written Questions Submitted by Hon. Roger F. Wicker to 
Hon. Charles F. Bolden, Jr. 

Question 1. Do you support the mission to Mars? 

Answer. Yes. 

Question 2. Why hasn’t NASA requested funding for the 130 ton launch capability 
that will take us to Mars? 

Answer. NASA’s strategy for incrementally increasing the SLS lift capability is 
driven by the need for lift capacity in each exploration regime. Per the 2010 Author- 
ization Act, NASA is starting with the 70mt initial capability and will advance from 
there to meet exploration objectives, arriving at the Mars-class 130 mt capability 
when it is needed. Our analyses show the 105 metric ton (mt) configuration, made 
possible by the addition of an Exploration Upper Stage, enables a variety of human 
and cargo missions in the proving ground of cis-lunar space, which are necessary 
to prepare for future missions to Mars. Once we are ready for missions to the vicin- 
ity of Mars, we will progress to the 130-mt configuration. NASA could not accom- 

( 43 ) 
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plish these human exploration missions effectively and efficiently without the evolv- 
ing capabilities of SLS. 

Question 3. How does the rising cost and overall shortage of helium impact 
NASA’s propulsion testing and what cost reduction measures is NASA taking to 
mitigate these rising costs? 

Answer. NASA’s helium contracts were recently re-competed for FY15-19. The 
contract provides a fixed price for helium thru FY 2019. There was a 16 percent 
price increase as compared to the previous (FYlO-14) contract period. This was 
partly due to a -10 percent increase in FY15 Federal Crude helium pricing. 

Helium is provided by refiners thru the Federal “In-Kind” Program, where the 
crude helium feedstock is supplied and priced by the Bureau of Land Management 
(BLM) on a yearly basis. Through this program, NASA attains price stability for re- 
fined helium and maintains priority status for helium supply per the Helium Privat- 
ization Act of 1996 (now expired) and reaffirmed in the Helium Stewardship Act of 
2013 (HSA). 

The rising cost and overall shortage of helium has heightened NASA sensitivity 
to helium pricing and availability and are a catalyst for increased emphasis on re- 
ducing helium use and pursuing recovery ! reclamation opportunities. Current helium 
reduction initiatives are described below. 

Propulsion Systems 

NASA is working to develop sensors to reduce over purging of hydrogen systems 
with helium. One example is a hydrogen vent line sensor developed by Glenn Re- 
search Center (GRC) and demonstrated at Stennis Space Center (SSC). The sensor 
will be tested at Kennedy Space Center (KSC) to move toward FY16 qualification 
for use at Pad 39 B for the Space Launch System (SLS) program. 

Stennis Space Center (SSC) is NASA’s primary rocket test site for large hydrogen 
fueled rockets such as the RS-25, which powered the Space Shuttle in the past and 
will power the Space Launch System (SLS) in the future; and the RS-68, which 
powers the Delta 4 launch vehicle. Hydrogen propulsion requires the use of helium 
as a purge gas and for inerting tanks and lines since it is the only gas with a boiling 
point lower than hydrogen. SSC routinely buys large quantities of gaseous helium 
for these uses to support its testing operations. In support of engine testing, NASA 
includes conservation measures such as changes to operational procedures and a 
focus on reducing leakage in systems which has resulted in reduced helium require- 
ments over the last decade. 

Kennedy Space Center (KSC) is the primary rocket launch site for the RS-25 and 
SLS. KSC also supports launches using the RS-68, which powers the Delta 4 launch 
vehicle at Cape Canaveral Air Force Station (CCAFS). Under a Small Business In- 
novation Research (SBIR) project KSC has investigated the potential use of Tridyne 
as a pressuring agent to reduce the mass of the helium required for tank pressuriza- 
tion in flight. KSC is looking at SLS Pad 39 B system mods to reduce helium usage 
for SLS. Currently one proposal is expected to result in reduction of SLS tank pulse 
purges between launch attempts, potentially reducing helium usage by up to 
200,000 standard cubic feet (scf) or more per launch attempt. 

Both KSC and SSC have an ongoing efforts to evaluate and eliminate leakage in 
the miles of gaseous helium (GHe) pipeline systems used to distribute GHe to users. 

Balloon Program 

The NASA Balloon Program is managed out of NASA’s Wallops Flight Facility 
(WFF) and operated at the Columbia Scientific Balloon Facility (CSBF) in Palestine, 
TX. Normal annual operations include 3-4 campaigns with 1-9 missions per cam- 
paign. The average annual launch rate is 10 to 16 scientific missions per year 

The Balloon Program Office (BPO) utilizes scientific balloons ranging in size from 
4 million cubic feet (MCF) to 40 MCF. Float altitudes range from 90kft to 150kft. 
Helium is used as the lifting gas in the balloons. If a launch abort is necessary dur- 
ing the inflation process, the balloon is destroyed by releasing the helium into the 
atmosphere in order to protect the scientific payload or the launch crew. At the end 
of a successful mission, the balloon is separated from the flight train by rupturing 
the balloon. This action releases the helium into the atmosphere. BPO standard op- 
erations are designed to minimize helium waste. One technique employed is to 
transfer helium between multiple helium ISOPAKs to maximize helium usage. 

One technology interest of the BPO, which potentially would reduce the helium 
requirements, is the safe utilization of a lifting gas substitute, such as hydrogen. 
The BPO is in contact with the Technology Development Office that is monitoring 
development activities in this area. 
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NASA continues to explore advanced technologies intended to improve helium sus- 
tainability. These projects will focus on the efficient use of helium and/or alter- 
natives to helium. 


Question 4. Is there a process in which NASA can recover helium once it is used 
for testing purposes? 

Answer. Yes. NASA continues to pursue recovery/reclamation opportunities either 
through new technologies or procedural preservation efforts as described below. 

KSC converts bulk liquid helium to high pressure gas for application in our space 
launch programs. Investigations are underway to implement a gas collection/rec- 
lamation system as part of a project to test the use of liquid helium (LHe) pumps 
to replace less efficient conventional gas compressors. The intent is to capture and 
reclaim the pump startup purges that previously would have been vented and lost 
to the atmosphere. If successful, the intent is to implement a similar recovery/rec- 
lamation system in the planned replacement helium Conversion Compression Facil- 
ity (CCF) that will support future SLS launches as well as support all other KSC 
customers. 

SLS conducted a review of helium use at our component vendors. VACCO pro- 
duces much of NASA’s cryogenic valves and disconnects. Early in the Space Launch 
System (SLS) program NASA had a helium reclamation system installed at VACCO 
to reduce the amount of helium used to test and checkout components during devel- 
opment. The system has greatly reduced the helium necessary for VACCO and paid 
for itself several times over. We have also loaned out the system to other govern- 
ment agencies. 

• VACCO is currently forecasting a 70 percent to 85 percent He Reclamation Sav- 
ings (dependent on a number of specific variables associated with individual 
tests) 

• The initial program projections for Helium Supply cost were -$5.3M. However, 
today the current forecast for helium supply costs is just over $1M due to the 
reclamation success. 

NASA has been pursuing helium recovery and reclamation for several years. 
Through the Small Business Technology Transfer (STTR) Program, two particular 
projects have been delivered which demonstrated the ability to separate helium 
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from a hydrogen/helium gas mixture. The recovered helium meets the stringent pu- 
rity requirements for reuse. Both systems use fuel cell technology to extract pure 
hydrogen from a mixed hydrogen/helium gas mixture, leaving nearly pure helium. 

The first project was designed by Sierra Lobo, Inc (SLI). SLI delivered a system 
that was installed and tested at NASA Stennis’ E-3 facility. The system dem- 
onstrated the ability to output high quality helium from a hydrogen/helium gas mix- 
ture. The helium/hydrogen gas mixture was collected, helium extracted and recov- 
ered. Below is a picture of a system delivered by Sierra Lobo, Inc. 



The second successful test was conducted by Sustainable Innovations, Inc. (SII) 
in support of SSC. SII delivered a prototype unit in 2014 that successfully dem- 
onstrated the ability to capture, separate and compress helium from a mixture de- 
rived from test operations. This system featured a subsystem that captured the 
vented hydrogen and helium gas mixture, an electrochemical separation subsystem 
that effectively purified both hydrogen and helium streams, and a compression sub- 
system that permitted high pressure gas delivery. Each subsystem performed well 
in project tests and the subsystems were shown to integrate seamlessly. 
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The ability to effectively recover and reclaim helium is heavily dependent on how 
the original helium is used and the quantities involved. Commercial reclamation 
systems do exist but are typically utilized in closed systems and are often limited 
by their throughput, typically requiring the use of collection systems to allow batch 
processing of any contaminated helium. 

With the largest NASA helium uses occurring during launch operations and en- 
gine testing, the challenge for NASA is multi-faceted. SSC in partnership with KSC 
has an FY15 Small Business Innovative Research (SBIR) initiative that seeks to im- 
prove upon the demonstrated technology or develop new alternative cryogenic gas 
separation technology. Additional development is needed to increase the efficiency 
of the recovery process, capture large amounts of mixed gases, and provide real-time 
solid state sensor technologies for characterizing constituent gases. Specific areas of 
interest includes the following technologies: 

• enhanced membrane technologies including Proton Exchange Membrane (PEM) 
fuel cells that increase the efficiency, recovery production rate or life span of 
fuel cell based separation technologies; 

• development of alternative cryogenic gas separation technologies; 

• technologies for the rapid capture and storage of high volumes of mixed cryo- 
genic gases; 

• development of zero trapped gas system technologies to improve purge effective- 
ness; and 

• development of real-time, solid state sensor technologies for monitoring the cur- 
rent state of the system concentration levels and helium/nitrogen purge process 
effectively (e.g., hydrogen, oxygen, water vapor content, etc.). 

For NASA’s Balloon Program Office (BPO), helium is the lifting gas (i.e., the pro- 
pellant) for BPO missions. Just as other propellants are consumed in the mission, 
helium is consumed in BPO missions. It is not considered feasible to recapture the 
helium at the end of a stratospheric balloon mission, since the termination tech- 
nique requires the rupture of the balloon envelope to bring the scientific instrument 
back to earth safely. 

In summary, NASA continues to investigate opportunities to recover and collect 
contaminated launch and engine test helium especially for smaller GHe usage quan- 
tities or program tests that lend themselves to closed loop systems. 

Question 5. From a cost benefit standpoint, assuming helium cost will only con- 
tinue to rise, would it not make sense for NASA to research and develop propulsion 
test technology to reclaim and store helium for future use? 

Answer. NASA continues to pursue ways to reduce and/or reuse helium. Some of 
the challenges that must be overcome include scale-up of the technology to allow 
large volumes of mixed gases to be processed and capture of mixed purge gases dur- 
ing test operations without affecting performance of the rocket engine system. The 
programmatic challenge is the upfront cost to deploy the technolo^, the scale on 
which these systems can operate, and the limited number of areas in which NASA 
could actually use it (primarily for hydrogen transfer line and tank inerting oper- 
ations). Helium would have to become considerably more expensive (or supply more 
uncertain) to justify a return-on-investment case, or additional funding would be re- 
quired just based on the principle that conservation of helium is strategically impor- 
tant. 
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Today helium is the highest value gas used in propulsion testing. NASA’s current 
supply from our “In-Kind” Program managed by the BLM offers price stability and 
priority of supply under the Federal Program. The increased costs of helium and po- 
tential impacts particularly when the Federal Helium Reserve closes, makes the he- 
lium conversation more important from a product cost and future supply aspect. The 
challenge is how to do it efficiently and in a cost effective manner. 

Question 6. Why has NASA steered ocean science funding away from Stennis 
Space Center? 

Answer. NASA uses the annual omnibus solicitation, Research Opportunities in 
Space and Earth Sciences (ROSES) to compete program elements in the Science 
Mission Directorate, including oceans. These Federal opportunities in ROSES are 
open to all eligible domestic institutions, including Stennis Space Center. Awards 
to successful institutions are made following the NASA peer review process. 

Question 7. No ROSES grants were awarded to the Gulf of Mexico Initiative in 
2014. Is NASA abandoning the Gulf of Mexico Initiative? 

Answer. The Gulf of Mexico is an important region to NASA and the Nation. In 
the aftermath of Hurricanes Katrina and Rita, NASA’s Applied Sciences Program 
undertook the Gulf of Mexico Initiative (GOMI) focused on the Gulf region to help 
build capabilities in applying Earth Science data. Through two special competitive 
grant solicitations, NASA’s Applied Sciences Program sponsored 48 projects to im- 
prove the use of Earth observations to support water resources, health, disasters, 
agriculture, and ecosystem management in the Gulf region. 

With the completion of the last GOMI Project in January 2013, the need for a 
dedicated, capacity-building effort focused on the Gulf has been addressed. Other 
competitive research programs in NASA’s Applied Sciences Program and the broad- 
er Earth Science Division have and will continue to encompass coastal management 
issues and the Gulf region through peer-reviewed solicitations. 


Response to Written Questions Submitted by Hon. Roy Blunt to 
Hon. Charles F. Bolden, Jr. 

Question 1. Your budget request for NASA’s Science Mission Directorate (SMD) 
is $5.28 billion — roughly 28 percent of the entire NASA budget request of $18.53 
billion. 

Moreover, this request for the Science Mission allocates the largest proportion of 
funding — $1.95 billion — to the Earth Science account. The Earth Science program 
includes several accounts associated with climate change research. 

In our current financial environment, where we have enacted budget caps on dis- 
cretionary spending, why is NASA spending over 10 percent of its total budget on 
the Science Mission and climate change research? 

Answer. The National Aeronautics and Space Act, as amended [P.L. 85-568, 72 
Stat., 426], states the first objective for NASA is to contribute to “The expansion 
of human knowledge of the Earth and of phenomena in the atmosphere and space.” 
Thus, Earth Science has been part of NASA’s core mission since NASA’s early years. 
The President’s FY 2016 request for Earth Science is slightly over 10 percent of the 
total agency request. This is not much different from actual appropriations for the 
last four fiscal years (FY 2012-2015), which average 10.0 percent, ranging from 9.8 
percent (FY 2013) to 10.3 percent (FY 2014). 

Within the overall NASA Earth Science activity, climate change research remains 
an important — although not the sole — element of Earth Science study. Indeed, 
measurements from many NASA Earth observing research satellites are used rou- 
tinely by other Federal agencies to improve their operational products and forecasts. 
For example, measurements from NASA’s Global Precipitation Measurement (GPM) 
Core Observatory/GPM constellation. Moderate Resolution Imaging Spectroradiome- 
ter (MODIS), and the Jason-2 ocean altimeter mission are used routinely by NOAA 
and the DOD weather services to improve global and regional weather forecasts and 
extreme event predictions. Soil moisture data from GPM, Gravity Recovery and Cli- 
mate Experiment (GRACE), and the Soil Moisture Active-Passive (SMAP) mission 
are used routinely by NOAA and FEMA to produce daily flood hazard forecasts and 
drought monitoring products. Data from the NASA MODIS instruments are used by 
civil and DOD agencies for a variety of environmental forecasts including dust storm 
and visibility predictions. 

NASA collaborates closely with the other Federal agencies involved in climate re- 
search, through mechanisms such as the legislatively-mandated U.S. Global Change 
Research Program. However, NASA is the only civil Federal organization that can 
procure, develop, and launch Earth monitoring spacecraft that provide critical 
space-based observations to support research, and then conduct the scientific re- 
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search they bring forward. NASA provides sustained and experimental observations, 
and focuses on space-based platforms to advance research, technology development, 
and national capabilities. These responsibilities are described in the National Plan 
for Civil Earth Observations. The results from these activities are documented in 
peer-reviewed literature, and the resulting information and knowledge are made 
routinely and widely available to scientists, managers, and citizens throughout the 
Nation and the world. NASA’s Earth research covers diverse topics, both long- and 
short-term phenomena and processes, including those associated with droughts, 
floods, fires, air pollution, land cover/land use change, oceans, and polar ice. 

Question 2. The administration’s budget request proposes to cut funding for the 
heavy-lift Space Launch System (SLS) rocket by $343 million. It also proposes to 
cut the Orion crew capsule by nearly $98 million. There is concern that these cuts 
may prevent NASA from meeting its schedule to test Orion and SLS, and its goal 
of a manned SLQIOrion mission by 2021. 

Given all this, how does it make sense to allocate $1.95 billion to Earth Sciences 
and climate change research while underfunding SLS and Orion? 

Answer. The FY 2016 President’s Budget Request is consistent with the outyear 
profile proposed in the FY 2015 Budget and provides the funding level needed to 
keep SLS, Orion, and Exploration Ground System (EGS) on track for the first inte- 
grated launch of Exploration Mission-1 (EM-1). We have identified our Agency 
Baseline Commitment for the SLS and EGS which supports a launch capability 
readiness date of November 2018 at 70 percent and 80 percent Joint Confidence 
Level (JCL), respectively, to the EM-1 launch readiness date. The integrated launch 
date for EM-1 is to be determined after all three programs complete their Critical 
Design Reviews (CDRs). The integrated launch date for EM-2 will be set following 
the EM-1 mission. 

While maintaining planned funding levels for SLS and Orion, the FY 2016 Re- 
quest provides Earth Science with funding to address the priorities set forth in the 
2007 Earth Science decadal survey. 

Question 3. How does climate change research help ensure American leadership 
in deep space exploration? 

Answer. NASA has since 1958 been charged with expanding human knowledge of 
the Earth and of phenomena in the atmosphere. As part of this responsibility, cli- 
mate change research produces valuable and executable scientific knowledge that is 
actively being applied by the international community, policy makers, and industry 
to better understand the challenges posed by climate change, which in turn im- 
proves our Nation’s posture in addressing these challenges now and into the future. 
We conduct climate change research for those reasons rather than to support deep 
space exploration, but studying climate change improves our ability to address and 
plan for its societal and economic impacts, which in turn will help us maintain our 
global leadership in space for science and exploration. 

Question 4. How does climate change research assist in the development, con- 
struction, and testing of SLS and Orion? 

Answer. NASA studies climate for many reasons. Any benefits to the development 
and testing of SLS and Orion are secondary. However, many NASA Centers and as- 
sets reside in vulnerable locations. The Johnson Space Center, Kennedy Space Cen- 
ter, Stennis Space Center, Michoud Assembly Facility, Wallops Flight Facility, and 
Jet Propulsion Laboratory have significant involvement in NASA’s launch and rock- 
et programs, and each are vulnerable to climate-induced changes. For example, 
Johnson, Kennedy, Stennis, Michoud, and Wallops are vulnerable to sea level 
changes and climate-induced upticks in extreme weather conditions, such as hurri- 
canes and tropical storms. Meanwhile, JPL is vulnerable to geohazards such as 
landslides, earthquakes, wildfires, and even water shortages. NASA assets closely 
monitor changes in the climate that create these increasing vulnerabilities, to 
produce analyzable data to address these vulnerabilities. For example, NASA’s Ap- 
plied Science Program is dedicated to helping public and private organizations apply 
data from NASA’s Earth-observing satellites and related scientific findings in their 
decision-making activities, to improve the quality of life and strengthen the econ- 
omy. Both SLS and Orion will make prominent use of NASA Centers, some of which 
are vulnerable to changing environmental conditions. Our study of these changes 
will ultimately help us ensure NASA assets are as secure as possible. 
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Response to Written Questions Submitted by Hon. Marco Rubio to 
Hon. Charles F. Bolden, Jr. 

Question 1. The people, facilities and capabilities of NASA at Kennedy Space Cen- 
ter are one of Florida’s most treasured and iconic assets, and I look forward to their 
participation in future Exploration missions. 

However, as a new commercial space industry and marketplace begins to take 
root across the country and abroad, I am concerned the existing Federal regulations 
and requirements at KSC will unfairly disadvantage the State of Florida from com- 
peting in these new opportunities. 

How are you now working with the state to help eliminate Federal impediments 
to a more favorable commercial operating environment? What steps are you taking 
to implement the expedited transfer of unneeded NASA assets the State’s spaceport 
authority may be willing to take over and operate in partnership with commercial 
users?” 

Answer. NASA has taken a number of actions to significantly reduce impediments 
to commercial operations. One example is the revision of safety requirements for 
commercial operators. Under the new rules, commercial entities operating within 
their own facilities or facilities that they have leased from NASA, need only follow 
OSHA and other relevant Federal safety and environmental requirements. Another 
initiative is related to the development of new commercial facilities on KSC. Such 
facilities may be constructed using Florida State building codes rather than the 
sometimes more restrictive NASA standards. 

NASA has worked with both the State of Florida and commercial entities to pro- 
vide a number of assets for use by the commercial space industry. Specifically, the 
State of Florida already has a Use Permit to operate the Orbiter Processing Facility 
3 (OPF3) and associated Processing Control Center (PCC) which will be used by a 
commercial space industry company. We have also leased Launch Complex 39A to 
a commercial space launch provider for their use. We are in the final phases of pro- 
viding the use of the Shuttle Landing Facility and associated land around the facil- 
ity for a total of approximately 4,000 acres to the State of Florida to develop com- 
mercial operations. 

Question 2. Competition is a key to controlling costs over the long-term as well 
as to improving the level of safety. Do you agree with this statement? 

Answer. NASA agrees that competition is one key to controlling costs and helping 
to improve the level of safety. For this reason, supporting multiple competitors in 
our commercial cargo and crew programs is considered critical. 

Question 3. In your opinion, what is the single greatest threat facing American 
access to space? And what is the best option for overcoming that threat? 

Answer. Access to space for NASA should be considered in three categories: 

• crewed missions to Earth orbit ii.e., Commercial Crew Program to transport 
crews to and from the International Space Station [ISS]); 

• uncrewed, expendable launch vehicles putting NASA’s and the civil sector’s sat- 
ellites in Earth orbit and robotic planetary probes in space; and 

• heavy lift launches beyond low-Earth orbit for both crew and cargo ii.e., NASA’s 
Space Launch System). 

The greatest threat facing American access to space for crewed missions to Earth 
orbit is the current lack of capability to launch astronauts to orbit from U.S. soil. 
NASA’s Commercial Crew Program is our answer to that threat, and we are well 
on our way with the progress our two commercial partners, Boeing and SpaceX, are 
making. The best way to secure this capability is to fully fund the FY 2016 Presi- 
dent’s Budget Request, which is required to keep NASA and both of its commercial 
partners on track to achieve first flights of these new crewed vehicles to ISS by the 
end of 2017. 

For uncrewed expendable launch vehicles, NASA has a robust mechanism through 
its Launch Services Program to acquire and manage such services for the launch 
of NASA’s satellites and planetary probes. NASA acquires these launch services on 
a competitive basis, with the vendors responsible to sustain and mature their sys- 
tems and to deal with supply problems, including engines for their vehicles. The ISS 
cargo resupply endeavor managed under Commercial Resupply Services contracts 
has resulted in new medium class launch capabilities for science missions. NASA 
is evaluating the impact of the recent loss of SpaceX-7. The key for access to space 
in this category is encouraging and promoting an environment of innovation and 
competition for our U.S. commercial launch service providers. 

For heavy-lift launch capability for crews and cargo beyond low-Earth orbit, 
NASA is progressing well in the development of the Space Launch System, and its 
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planning its evolution consistent with the 2010 NASA Authorization Act. Careful 
management of this program to both achieve a timely, successful first flight and an 
affordable production and operations cost for future flights is a major focus for 
NASA. 

Question 4. I too often hear in Florida about challenges in launching from the 
Cape, and I fear companies may choose to launch elsewhere because of those chal- 
lenges. What issues prevent a completely independent commercial launch capability 
in Florida, and what is NASA doing to overcome these issues? 

Answer. Consistent with the 2010 National Space Policy and the 2013 National 
Space Transportation Policy, NASA leadership has been seeking to increase com- 
mercial utilization of the Kennedy Space Center (KSC) resources and to allow the 
commercial sector to demonstrate competitive and innovative approaches, to ulti- 
mately reduce space exploration costs for several years. In FY 2011, NASA began 
the 2ist Century Space Launch Complex (21CSLC) initiative to support launch in- 
frastructure, enable future exploration of the solar system, as well as new commer- 
cial opportunities in low-Earth orbit. Its primary purpose is to modernize and trans- 
form the Florida launch and range complex at Kennedy Space Center (KSC), Cape 
Canaveral Air Force Station (CCAFS), and Wallops Flight Facility (WFF) into a 
more robust launch capability that could support multiple users. Beneficiaries of 
this activity included current and future NASA programs, other U.S. Government 
agencies, and commercial industry. 

The KSC has developed a multi-use, operational approach with the goal to accom- 
modate commercial launch and reentry activity from KSC property while preserving 
public and property safety, and minimizing Governmental burden. KSC first devel- 
oped a Future Development Concept with the broader national space community, 
which led to a KSC Master Plan that provides a flexible framework for evolving to 
a multi-user spaceport. This plan, available at: http: II masterplan.ksc.nasa.gov ! , de- 
scribes how KSC will continue to transform over the next 20 years as a multi-user 
spaceport supporting government, commercial and other space launch users and 
providers. This 20-year plan describes KSC’s future state, along with the supporting 
business focused implementation and operating framework necessary to enable this 
transformation. 

Given the phase out of Space Shuttle operations, KSC recognized the need to safe- 
ly manage a multi-use spaceport containing new NASA programs and commercial 
activity. KSC’s current commercial safety policy is a set of requirements which en- 
sures that NASA KSC is exercising reasonable diligence to protect the public and 
Center personnel, and safeguards the success of NASA missions and operations, 
while enabling commercial activities to the maximum possible extent. This supports 
KSC’s commitment to safety while providing commercial partner autonomy in man- 
aging their operations. 

One of the challenges in planning for Commercial Operations on KSC property 
has been flexibility in Range Flight Safety Services for launch operations. NASA is 
working with the Air Force (including the 45th Space Wing) and the Federal Avia- 
tion Administration (FAA) to define and implement the steps necessary to accommo- 
date commercially-provided range flight safety services options for the commercial 
space industry when they launch within the Eastern Range (including from KSC 
property) under an FAA license. 
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